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ANALYST 


MEETING 
the the Pharmaceutical Society of Great | was held 
at 7.30 p.m. on t Wainesday November 25th, 1959, at the Pharmaceutical Society, 17 Blooms- , 
bury Square, London, W.C.1. a Owing to the absence through illness of Dr. K. R. Capper, ae 
B.Pharm., F.P.S., D.I.C., the chair was taken by Dr. D. C. Garratt, F.R.L.C., Chairman of st 
the Analytical Methods Committee of the Society for Analytical Chemistry. 
The subject of the meeting was “Methods of Assays of Capsicum, Lonchocarpus and 
Rauwolfia” and the following papers were presented and discussed: “Determination of | 
Capsaicin in Capsicum and its Preparations,” by H. B. Heath, M.B.E., B.Pharm.,F.P.S.; _ 
“Determination of Rotenone in Lonchocarpus, Derris and their Extracts,” by R. F. Phipers, J 
B.Sc., Ph.D.; “Determination of Reserpine-type Alkaloids in Rauwolfia,” by C. A. Johnson, — 


Albert Gordon Barker; ‘David’ Brindley: Anthony Deuchar Care, M. nus 
Ph.D. (Leeds), B.V.M. S. _(Edin.), M.R.C.V.S.; Clifford Paul Cole; Ronald Bernard 
John M. Corliss, B.S. (Loyola) ; Professor Ugo Croatto, ‘Dr.Chem. ; Alan Fielder Dewey, B. Sc. 
(Lond.) ; Stephen James Hawkes, B.Sc. (Lond.); John Frederick Hinsley, F.I.M.; Michael 
Anderson Leonard, B.Sc., Ph. D. (Birm.); Alan Marshall, F.P.S.; Robert L. Maute, BS. (Colo- 
rado), M.A. (Houston) ; Percy John Moore, B.Sc. (Lond.), A.R. T.C.; Ronald Moxon; William — 
Clarke O'Neill, B.A. (T.C.D.), A-R.LC., M. LCL; ; Peter Melvin Owens; Derek Julian ‘Podesta: 
Richard Alexander Hamilton Pool, B.A. (Oxon.); George Harrington Rogers; Dale John 

Stamp, B.Sc. (Dunelm.); Ronald John Thompson, A.R.I.C.; Albert John Woiwod, B.Sc. “al as 


= 


‘Jotul: Alfred Barton; E. ‘Burke, B.S. (Monmouth), M.S. Robert Anthony 
| Feather; William Tompson Gore, B.Sc. (Rhodes); Margaret Jean Hill, B.Sc. (Birm.); ulian pes 

NORTH OF ENGLAND SECTION anp PHYSICAL METHODS GROUP 


A Joust Meeting , of the North of England Section and the Physical Methods Group ” the 
Society and the Modern Methods of Analysis Group of the Sheffield Metallurgical Association s 
was held at 7 p.m. on Tuesday, October 13th, 1959, in the Conference Room of the British _ 
Iron and Steel Research Association, Hoyle Street, Sheffield 3. The Chair was taken by the e- 
Chairman of the Physical Methods Group, Mr. R. A. C. Isbell, 
The subject of the meeting was “Modern Methods of Titration” _and the following papers - ro 
were presented and discussed: ‘‘Coulometry in the Analysis of Metals,” by G. Mattock,B.Sc., 
-D., A.R.L.C. (see summary “High by: E. S. S. Lane, B. Sc, 
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; ~ uae . & “Mattock said that coulometric analysis depended on the application of 
ee foe Faraday’ s law that passing 96,493 absolute coulombs liberated one gram-equivalent 
ions or atoms at an ode Two types | of process could be used— 
(a) primary proc , where the ion or molecule reacted directly at the electrode 
= (as in direct reduction of a metal ion at a vari». as 
b) secondary processes, where a reagent was generated at an electrode to react 
- quantitatively with (i.e., to titrate) the substance of interest: these were 
_ important where the latter did not undergo direct electrode reaction, or where 
In either case, measurement of the mber of coulombs required for the completion 


of the process gave the number of neo gag of substance present, provided 
r cent. current efficiency was maintaine 
There were two carrying out ‘analyses: ‘at'a ‘controlled A] 
potential (primary process), where current was measured as a function of time, giving — Ins 
os an exponential curve (the area under which gave the number of coulombs), and byt titra- 
tion (secondary process). Only the latter was considered in thislecture. 
+ teaghtt There was no fundamentally new principle involved in the titration process, which 
i“ ha in coulometry involved the electrogeneration of titrant to the titration end-point. The 
_ latter was identified potentiometrically, amperometrically or colorimetrically: and 
em Dr. Mattock discussed the relative merits of these techniques. — The types of titration | 
bas could be those used in ordinary volumetric practice, 1.€., pH, redox, complexometric, — had 
lo oF precipitation: the only requirements were a suitably chosen titrating ion and, of 
course, full current Certain outstanding advantages resulted from the use 
the high factor from electrical to chemical units, coupled with the 
accuracy with which electrical measurements, could be low 


ide _ The apparatus used for secondary titrations often involved the passing ofa constant | 
sant current, with time measurement to give the number | of coulombs; alternatively, an J 
integrating motor could be used, which gave a direct measure of the number of coulombs. 

-fogdgil The author discussed an automatic instrument, developed from one described by 
= % G. Smythe (Analyst, 1957, 82, 228), to illustrate the principles. This instrument 
incorporated an integrating motor with a dekatron display reading directly i in -micro-— 

equivalents. Desirable features of cell design were also indicated. 

ndel ala A number of examples of titrations of interest in metallurgical analysis were con- 
eet sidered, including redox titration of metals (such as, eg., electrogeneration of Fe*+ to 
determine chromium, vanadium or manganese, and electrogeneration of ferrocyanide 
_ to determine zinc), , and generation of EDTA for r titration of various “metals, with potentio- 


A Jour Meeting of the North of England Section and the Physical Methods Group of the 
Society and the Newcastle upon Tyne and North East Coast Section of the Royal Institute 
_ of Chemistry was held at 6.30 p.m. on Tuesday, October 27th, 1959, in Chemistry Lecture 
_ Theatre, 2, King’s College, Newcastle upon Tyne,1. The —— was taken by the President 
_ The subject of the meeting was “X-ray Fluorescence” and the following papers were 
and discussed: “Instrumental Developments in X-ray Fluorescence Spectroscopy, 
by J. R. Stansfield, M.A., FInst.P.: “Some Applications of X-ray by H. 


nein OF F ENGLAND SECTION _ 
Aw Ordinary Meeting of the Section was held at 7.30 p.m., on shea oy October 30th, 1959, 
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— el owing paper was presen ed an scussed: “The Changing Aspects o emica ia 
in The fol ited and discussed : “The Ch 

1of Analysis,” by H. N. Wilson, , F.R.LC. 


lent | | The meeting was preceded at 2.15 p.m. by a visit to the Analytical Laboratories, Research — poreet q 
eact | An Ordinary Meeting of the Section was held at 5 p-m. on Friday, October 30th, 1959, in the ie 4 


vere | Chemistry Department, Queen’s College, Dundee. The Chair was taken by the Chairman of 


here | the Section, Mr. A. N. Harrow, A.H.-W. ci. F.R.LC. 


* < _ The following paper was presented and discussed: ~“Complexones, with Special Reference = 
tion } to EDTA,” by H. J. 


tra- | Hotel, Salisbury. The Chair was taken by the Chairman of the Mid- Southern Counties 
taken by the Chairman of the Section, Dr. S.-H. Jenkins, F. R.LC., F.Inst.S.P.. 


led ) _ A Jomnt Meeting of the Western Section with the Mid-Southern Counties Section of the Royal _ 4 
nich f —_—A lecture on “Chemical Analysis and Clinical Diagnosis’’ was given by Professor Sir E. 
ric, An Ordinary Meeting of the Section was held at 7 p.m. October 27th, 1959, 


ving } Institute of Chemistry was held at 7.45 p.m. on Friday, October 30th, 1959, at the Cathedral 4 
The Charles Dodds, M.V.O., D.Sc., Ph.D., M.D., Hon.Sc.D., F.R.C.P., F.R.L.C., F.R.S.E., 
the Nottingham and District Technical College, Burton Street, Nottingham. The Chair was 


| Section of the Royal Institute of Chemistry, Dr. J. M. Wright, B.Sc., A.R.C.S.,D.1.C. 
t 
discussion Purity of Analytical Reagents” was opened by J. T. Yardley, 


— — THE twenty-first L London Discussion Meeting ; of the Group was held at 6.3 30 p. m. on Wednes- 
| ’ _ day, October 21st, 1959, in the restaurant room of “The Feathers,” Tudor Street, London, 
C.4. The Chair was taken by Vice- Chairman | of the Group, ‘Mr. C. Whalley, B ins, 


on “The Dumas of _ Nitrogen’ opened by S. Bance, 
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HERINGTO 


ting, with, Some | ni 

til Pure Compounds Group, National Laboratory, Teddington, Middlesex) 


- "aie melting i is the name of a family of techniques that includes zone refining, a method for 
__ the preparation of substances in a high state of purity, and zone levelling, a method for the . 
 phelermen of uniform solid mixtures. Zone refining! provides the analyst with a means of | 
obtaining reference specimens for the calibration of physical analytical instruments. Highly 
purified standard samples* are essential for carrying out quantitative analysis by gas-liquid 
we chromatography or by \ visible, ultra-violet, infra-red or mass spectrometry if the accuracy — vee 
_ of the final analytical result is not to be limited by the purity of the specimens used to — * F 
.2 standardise the equipment. Further, there is a continuing interest in freezing-point and- ut 
_ meking-point methods for establishing the purity of commercial samples (¢.g., lindane). 7 
_ In such work a pure sample is required for use in plotting the melting-point - composition or 
- curve in the region of 100 per cent. purity, and zone refining can frequently be employed to ) ‘i 
x obtain suitably pure material. Certain volumetric standards can also be prepared by zone — ; oF 
wy 


refining*.*; see, for example, an advertisement® describing the preparation of benzoic acid 

5 SS “Purified for V olumetric Standardisation.” Analysts may also find zone refining useful for _ 

‘Z ee concentrating impurities in a specimen before applying suitable qualitative tests for the 

i: impurities, but the theoretical discussion presented later indicates that zone refining is unlikely 

2 a be a useful method for concentrating impurities before accurate quantitative analysis. — * 


Since zone levelling affords a method for the preparation of solid samples containing a 
Ta. uniform distribution of one substance in another, it should be of interest to analysts wishing 
a= - to obtain uniform powders for the calibration of instruments, such as those used in ‘se 
‘The segregation of impurities that occurs during the cooling of | a metal ingot has been " 


oft for a long time, but it was not until 1952 that Pfann! realised that use could be made a 


| 
— 
— 
a faery impetus from the demand for extremely pure germanium and he devised the method of _ 
he, slowly passing a rod of this element through a short furnace so that a molten zone traversed 
—— length of the specimen. In this technique the impurities tend to be carried forward . 
ae = the molten zone and purer germanium recrystallises from the melt. Zone refining can | 
_ be extremely efficient; for example, the impurity concentration in the major part of 
germanium rod may be to times that originally present if the zone is passed 
— 


Its “ANALYTICAL POTENTIALITIES. A REVIEW 


several times. Later, zone melting was shown to be spellicalble to a wide range of metals, be 
-_jnorganic compounds ‘and organic compounds. Numerous articles on the subject have now 
appeared; Pfann has written a book,® the Royal Institute of Chemistry has issued a mono- ae 
graph,’ reviews have been published®.® and popular accounts have been 


-Pfann’s book® will be cited frequently in this review to avoid an undue number of references. ae. a 4 


| a addition to these reviews several hundred papers on zone melting have been pub- 


| lished. No attempt will be made to summarise them all, but sufficient references will be i : 


| cited to enable an analyst to make an informed choice of the most promising method eo 
preparing a pure reference sample or making a uniform specimen. The next section, on m4 -. 
should provide an introduction to the necessary basic 


= mixing in the liquid, but that no mixing lie é., NO “diffusion) takes ae’ within the solid. 
7 ‘Sines the behaviour of a mixture when submitted to zone refining can be explained i in —_ 
| of the liquidus and solidus curves for the mixture, the properties of some of these curves will _ 
| now be discussed. Figs. 1 (a), 2 (a) and 3 (a) show such curves for three types of systems. ; rs ef 
s In all these diagrams component A is regarded as the main component, whereas a small 
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Relative impurity concentratio 


dike 


liquid” 


Temperature 
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—. ig. 1 (a) shows the liquidus a and solidus curves for a system exhibiting a simple eutectic. 
Pure component A begins to separate from such a mixture when a liquid of composition L to 
_ is cooled to temperature F. On further cooling pure solid A continues to separate and the — 
liquid temperature and composition follow the curve DU in the direction shown by the arrow- 

head. When the temperature and composition of the liquid reach the point U, solid of com-— 
P position U separates until the whole charge has solidified. . The final material thus consists _ sid 
of solid A encrusted with eutectic of composition U. = 

oe: ‘Fig. 2 (a) shows the liquidus and solidus curves for a system forming a clisitienste series i 


of pure component B, all material will have solidified. In this 


i 
This process depends upon the dilierence in solubility Of an impurity in the liquid 
4 
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for | 4 
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. e temperature and composition of the solid will move in the direction shown by the arrow- sey ee 
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en Distribution of it impurities after one, two and - infinite number of ome passes is 
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cool syne (0) See of impurities nae one, two and an infinite number of zone passes 


zone- experiments it is convenient to define an ideal 

_ ar coefficient k, as the concentration of B in the solid divided by the concentration of B in the 
AS liquid in equilibrium with that solid. Thus in Figs. 2 (a) and 3 (a) the ideal distribution © 

Be 3 coefficient k, equals FE/FD, where FE and FD are the lengths | of the lines on | the figures. 

F ite In Fig. 2 (a) the value of &; lies betw een 0 and 1, in Fig. 3 (a ) the value of k; is greater thanl f 
a in Fig. 1 (@) the value of ky: is 0. . A quantity of more importance in zone melting is k, 


that has just been « are gh divided = the real concentration of B in the liquid from which | 
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on ats ANALYTICAL ITIES. 
cent. pure throughout the bar « except for - a portion near end, which will 
position U. The theoretical distribution of impurity after one zone passage (n = 1) is shown a 
in Fig. 1 (6) for a mixture initially containing a low concentration of B. In Fig. 1 (5) and also” 

in Figs. 2 (6) and 3 (6), the relative impurity concentration of unity represents the initial — 
uniform concentration and the distance along the rod is expressed in terms of zone length. e 
The ideal separation shown in Fig. 1 (b) presupposes perfect crystal growth with no entrain- : 
ment of liquid during zone refining ; these conditions are rarely achieved in practice. © ~ How- 
ever,.a solution of sodium chloride in water has been reported’ as conforming to these cond 
tions because over | 99-9 per cent. of salt was removed from a solution containing 20 g per ie. 
litre by a ‘single pass of the heater. _ However, the zone refining of a mixture with a phase — 
diagram of the form shown in Fig. 1 (a) usually pars — similar to those obtained from 


a mixture of the type represented by Fig. 2 (2) i 


Fig. 2 the result of one, two an infinite of passes in the 


of a mixture for which & is less than unity, but greater than zero, ¢.g., for a system witha 
liquidus and solidus diagram of the type shown in Fig. 2 (a). Clearly, after each passage of — 
the molten zone, further purification can be achieved by returning the heater rapidly to its 
initial position and allowing it to traverse again from left to right in Fig. 4. In such a system , 
the nearer & is to unity the more passes are required to approximate to the theoretical ultimate 
distribution, that is, the distribution equivalent to an infinite number of zone passes. — More- — 
over, if 1 > k > Oit is not possible to obtain a agp completely free from impurity however 
many times the zone is passed. The curves in Fig. 2 (6) show the commonest type of behaviour | 
of mixtures submitted to zone refining. _ These curves also roughly Tepresent the behaviour 
of systems of type Fig. 1 (a), because in practice trapping of impurity occurs, 1. e., although 


kh, is 0, k lies between 0 and 1. It is often found, however, that separation of impurity from a * <8 
mixture represented by Fig. 1 (a) becomes easier as more zones are passed, because as the | 
specimen becomes purer the size of the crystals increases and trapping of the liquid decreases, 
so that & is not constant but becomes smaller. This phenomenon is particularly noticeable — 
if the impurity is coloured and the main component colourless; often the first few passages re 
of the zone appear to be rather ineffectual, but subsequent mee bring about a rapid >) 
If a molten zone is passed along a uniform rod of material with liquidus and solidus 
curves of the type Fig. 3 (a), initially of composition L, the impurity will move in the opposite 
_ direction to the zone because k>1 and successive passes bring about the concentration changes 
shown in Fig. 3 (6). There is an essential difference between systems where k is greater than 1 ee, 
and where & is less than 1, as the following considerations show. — _ Imagine a zone in the 
middle of its traverse during the purification of a compound when 2 is less than unity, any — 
molecule of impurity that is picked up at the melting interface may be carried to the end of © fo 
_ the rod during this zone traverse. If & is greater than 1, however, a molecule during one 6 
zone passage cannot make a movement greater than one zone length towards the end from 
_ which the zone has come. Hence when k>1 the number of passes required to bring about — a 
a considerable concentration of impurity near the front of the rod must be greater than 
_ the number of zone lengths in the rod of material. Thus in general the movement of impurity — 
is much slower when k>1 than in a system for which k<1. If some of the impurities in © 
,. specimen exhibit values of k greater than 1 and others less than 1 it is desirable to use a 
longer rod of material than usual, and at the end of the experiment the centre section i ‘ 


q 


ae - Mixtures may exhibit types of liquidus and solidus curves other than those shown in 
_ Figs. 1 (a), 2 (a) and 3 (a), but provided the material is initially rich in one component ie 
the on zone refining can be summarised in the statement— 
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If the mixture is of the type shown in Fig. 1 and if the is slightly 

to the left of U, then after many passages of the zone the rod will consist of a smal] amount 

of pure A and a large amount of the eutectic of composition U, i.¢., the separation of the and t 

components is far from complete. Thus zone refining is a useful complementary technique anh 
By to fractional distillation when both can be used, because distillation is most useful in the } 
_ middle composition range" and zone refining is most efficacious when one component is in 

a P considerable excess, and this is just the condition where the application of distillation is * 

ae Since Fig. 2 (b) is typical of the be the behaviour exhibited by most systems submitted to zone 
iti is not to select a to cut the rod to obtain a 


then 
fracti 
‘= 


wher 


only 
ne ‘Zone levelling is is a term applied to zone-melting processes undertaken with the object 


— achieving as uniform a concentration as possible over as great a length of the rod as possible. } 
ae procedures can be adopted to attain this end provided the solidus - liquidus diagram 
is not of the type shown in Fig. 1 (a). ai np ewntte 


ahi fer) 4 curve B, composition after one 900% oF 
; ‘If & is near unity a single passage of a zone through a rod of material of fairly uniform — 
os: will yield a central portion of even more uniform composition (see, for example, q 
Fig. 5). A method of wide applicability is to pass the heater repeatedly at constant speed 
_~ Andee directions. This procedure, which brings about zone levelling in all parts of 
i rod except the part to freeze last, can be used when the value of & is not known, though 
it is then difficult to produce a rod of selected composition. = Sioa 
om If. kis known it is often possible to arrange* that the solute concentration in the first 
abd es - gone length has the value Co/k, where Cy is the average initial concentration of the dilute 
_ €omponent in the remainder of the bar. If a molten zone is now moved along the bar the 
_ amounts of impurity entering and leaving the zone are equal, so that the concentration in 
Ra the bar after passage of the zone is uniform and equal to Co, except for the last zone. 
tis __ Other methods of bringing about zone levelling have been described.* Zone levelling 
eee. should be generally useful to the’ analyst for preparing reference samples of uniform com- 


) m 


If the impurity depresses the melting-point of the main component it will 
te move in the same direction as the zone. but if the impurity raises the meltine- | 
F 
__method for obtaining concentrates of impurities for qualitative analysis. 
purit 
and 
effec 
Whe 
refin 
ere 
assu 
‘ 
— 
— 
Pras 
nun 
q 
{ 
7 


MENT OF 


of material containing a small amount of impurity normal The 
sample is assumed to be liquid at the beginning of the experiment, and then freezing is allowed 
to take place from one end. The process is therefore sometimes called directional on 
and this type of freezing takes place in the last zone length of a -zone-refining experiment. 

the following simplifying assumptions a1 are made— in, 

(a) ‘that complete mixing of of the liquid is “achieved all stages, ind 


no diffusion takes place in the solid and 
that the effective distribution coefficient is ‘constant, 


‘then ‘it can be shown™. 16,17,18,19 that C, the concentration of impurity at a point 

where Co is the n mean concentration a impurity in the rod. -This.equation at the best is ‘ih 
only approximately true, because a position in the bar is “usually reached where material 

of the eutectic composition separates, and even before this occurs k has often ceased to be = > 
constant and has become dependent upon g. This normal directional-freezing process has 
been used for purification purposes; thus Schwab and Wichers® prepared benzoic acid of © gs 
purity 99-997 mole per cent. in 40 per cent. yield from material of 99-91 mole per cent. purity ; 
by three re-crystallisations, rejecting impure portions at each step. Recently, Dickinson . 
and Eaborn*! have re-examined directional freezing, but their claim that it is at least as 
effective as the more complex zone-refining procedures must be treated with reservation. _ 
When k equals 0 both processes are equally effective. When & is near 1, however, zone a 
refining is superior, because it is easier to apply and because the yield of highly purified — oe 
material is greater;.the yield of highly purified material from Tepeated directional- “freezing — =e 3 
experiments is very low ifkis near unity. = 


_ Mathematical treatments of zone refining have been carried out by using the sling 


. assumptions given below, which are additional to conditions (a), (b) and (c) —r above— _ 


@ that the the concentration of of impurity, Co, i is i initially uniform and 


) that a a constant, cross-section and constant length of zone is used. 


Be 


“HGF 


to the last zone to which equation (1) An 


to the impurity distribution after a large number of pases is given by the equation — hs be a 

A and B are related to other quantities by the equations— ator 
where L denotes the length of the bar. Calculation of the distribution ov] impurity for a 
number of passes of the zone, when » is greater than 1 but less than infinity, is more difficult. — 
The results of detailed calculation and methods for deriving the necessary equations have 
been collected by Pfann.* Burris, Stockman and Dillon™ have also published a — tah 
collection of curves showing impurity concentration plotted against the position in the bar ee 
for different values of & and for different numbers of passes. Such curves are valuable when ee f 
k is known and when a binary mixture is being dealt with, but if an analyst wishes to purify ‘a nee 
a material suspected to contain many impurities with unknown values of & then these curves” ba “ 
are of little use. However, these calculations can be employed for choosing ' the best procedure | = 
any particular circumstances. The detailed show that there is an advantage 
in using a relatively long zone in the early stages to bring about a rapid movement of impurity — n 


anda short zone in the later stages to about a greater degree 
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MERINGTON: ZONE E MELTING, WITH SOME COMMENTS [Vol. 
of to zone Jength 10 or. in the later stages should permit a good final 
__ .The number of passages of the zone necessary to produce a concentration distribution 
- approximate to the ultimate one depends upon the value of & and on the ratio of bar length | 
to zone length. Calculation shows that 20 passes will bring about a separation near to that 


a ey ultimately obtainable if the value of & is 0-1 and if the ratio of bar length to zone length is 10, 


-shov 


a Many hundreds of passes may be needed to effect good separation if & is greater than 0-5. Bae 

____- In the chemical laboratory it is usually reasonable to try between 10 and 20 passes if nothing k Boa 
is known about the system, but if the separation is found to be an easy one (t.e., if R is small) y , 
fewer passages of the zone will suffice. Rat 
be tee When the maximum separation ‘possible with a particular bar length and zone length pet. 
has been achieved no advantage is gained by removing an impure section and continuing rh 
the process unless the ratio can be increased to at least its original value. This increase 


ratio can be brought about either by making the into a rod or by reducing 


tp A knowledge of & can be used to calculate the distribution of a single impurity at any ‘ 9 
Stage during zone-refining experiments. Various methods have been described® for deter- aut 

= + mining the value of this constant, but the simplest procedure is to allow a cylinder of molten mel 
“material to crystallise from one end at the same rate and with similar mixing in the liquidQ 44; 


as will be used in the zone- refining experiments. Portions taken from different sections along §  },, 
the bar are analysed and k is determined by drawing the best straight line through values§ % Alt 


of log(C/C.) plotted against log,,(1 — g).. From equation (1) it can be seen that the slope inn 
of this line equals (k — 1) and the intercept on the vertical axis, where the value of log, (1 — 

| general the rate of diffusion of impurity in the solid is small, so that there is con- 5 9 
_ siderable advantage in moving the zone slowly in order to allow time for the impurities in} a: 
the liquid to diffuse away from the advancing solid face. On the other hand, it is desirable Y 
> to carry out the process rapidly in order to obtain the product as quickly as possible. Pfann‘ < to 
has discussed methods of computing the optimum rate when & is known and when the valuehe 
er 


of 8, the thickness of the diffusion layer, can be estimated, but such calculations are not readily 
carried out when more than one impurity is present. When only a single sample of a pure 
material is required and it is not feasible to examine the effects of all the variables, rates of 
zone movement of 6 inches per hour for metals and semiconductors® and of 1 to 1-5 inches per ] 
hour for organic compounds be in exploratory experiments, = 


4 


~ ‘ ~~ Melting i is ; usually accompanied by av volume change, and this leads to material transfer by 
on in zone refining if the substance is treated in a horizontal open boat.* Contraction on meltingp 
_ causes material to be moved in the direction of the zone, expansion causes transport in thef re 
_ reverse direction. Material transport of a substance in an open boat can be prevented by — 
- tilting the container to the correct angle.* If a vertical tube is used the heater must be} QI 
ao started at the top if the solid expands on melting and at the bottom if it contracts. Ina} y 
@ material that expands on melting, spaces appear at the bottom of the vertical tube as zone } i d 
ae ae proceeds and material is transported upwards at each zone pass until a steady condi-} 
es es a a tion is reached, in which bubbles rise at each passage of the zone and pass out of a an 
at the top of the tube at the same rate as new spaces created at the bottom. 

Ideally the zone length should be extremely short in later stages of butin} 7 
the smallest zone that can be experimentally may be longer than that 
ee suggested by theory. A A rod of sient diameter may have to be used to keep the zone shorth 
_ if the material is a poor heat conductor. Thus, for example, tubes of more than 1-5 inches§e ” 
4 diameter heated from the outsidé cannot usually be employed for zone refining organic com-— 
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EXPERIMENTAL 


ay 
OF HEATING AND CHOICE OF CONTAINER— 


_ The range of materials that have been treated by zone refining is large and no single 
"piece of apparatus is suitable for treating all substances. Parr? has 3 presented a diagram 
showing the temperature ranges covered by various methods of heating. To attain the highest — 
_ temperatures (e.g., 3500° C) solar energy may be concentrated by m means of reflection, whereas — os 
y _ temperatures up to 2000° C can be reached by. the use of radiant energy from. electric heaters. “4 
nal) ( ‘Bombardment by a. focused stream of electrons accelerated by a few kilovolts can be em- ‘- 


"ployed to produce a narrow liquid zone®.*5. in the temperature range 1000° to - 3200° C. 3 
noth | adio- frequency heating can be used for treating some elements melting in the temperature 
range 0° to 2500°C. Dielectric heating will melt some substances in the range 0° to 500°C, | 


~_ | but most organic compounds cannot be heated in this way because they do not exhibit a 
icing suitable dielectric loss. Gas flames may be used to produce temperatures up to 500° C and 


ee ina simple apparatus of this type the low-melting metal undergoing purification may . 
contained in a horizontal boat enclosed either in an evacuated tube or in a tube filled with = 

ff inert gas. . Before starting the experiment it may be necessary to remove an oxide film, _ 
— and it is sometimes advantageous to leave a seed crystal unmelted at the beginning of the Ea 

pie bar. - The molten zone may spread to a marked degree at the ends of the bar if the material 

anyi isa good. conductor, and it is then necessary | either to cool the ends of the bar or to reduce 

“— automatically the supply of heat when the zone approaches the end of the bar.2”7_ Low- 


oiten melting organic compounds (e.g., ‘m-cresol, m.p. 12° C) can be zone refined in an apparatus 7 

= built within a refrigerator, and even lower-melting materials (e.g., m-xylene, m.p. —56° °C) can 

a be dealt with in an apparatus enclosed within a space ‘cooled by solid carbon dioxide. al pe * 
ys Alternatively, the material may be contained in the annular space between two tubes, the _ 


slope inner space being occupied byah a heater and the outer tube bein nT in a vessel containing at . 
= a ‘Sometimes it is essential | to avoid all contamination arising from ihe container, in 

then be possible to use a floating-zone In this method arod 
con-— Of the material is clamped at the ends and a zone formed by suitable means is supported ty 7 


‘1 - surface tension, which is sometimes supplemented by other forces, such as those produced © 7 
sable by electromagnetic fields. Induction heating or electron bombardment: 25.28 may be 
produce a molten zone in an apparatus of this type. ie 
raluehe For materials of low surface tension (i.e., most organic compounds) it is necessary to — 
adily i _ employ a vertical column rather than a horizontal boat, because when the surface tension 
pure _ is small the liquid zone in the latter tends to flow back under the fresh ly, solidified = ri aa 
S per § = _.. Apparatus for treating 1 kg of Bass material, in which a a simple bobbin Co lie 
| _ automatically returned to the top for a fresh cycle of operations is used, has been described.” m 
| The main difficulties with this apparatus arise from occasional breakages, but these can be 
| avoided if a metal tube is used. The position and size of the zone may then be aed 
nsfer by using a movable t thermocouple in in a narrow pocket situated along the e axis of 1 the tube. aw 
ag Small samples from 0-1 to 10 g may be treated in an apparatus employing an ellipsoidal Pe a 
1 the f reflector to concentrate the energy from the bulb of a projection lamp on to the sample ~ A 

5 contained in a small tube and moved by. an electric-clock motor.%* Samples of a few milli- ae 
grams cannot be manipulated successfully in narrow glass tubes because small gas bubbles 
_ usually appear and sub-divide the sample, but this difficulty has been overcome in an | premndl 


“Attempts have been made (e.g., see Pfann**) to work amounts of material 
by conducting zone refining as a continuous process, but in most reported experiments © 
_ purification has been carried out batchwise. Time can usually be saved by passing several © aa 
- zones simultaneously in a batch experiment, but unfortunately only one zone can be passed _ 


short 4 4 To obtain efficient ‘separation it is essential to ensure good mixing within the eee 
iches ny zone. _ If a vertical tube is employed and if it is possible to arrange for the heater to travel 
com-§ downwards (i.c., if the solid expands on melting), convection currents usually produce 


| Sufficient waning Pfann’s book® should be consulted for other methods of stirring the liquid. 
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__- The efficacy of a zone-refining apparatus for purifying a particular element may be studied 
fe a by using | a suitable radioactive tracer. For example, by adding traces of silver-110 and 
ey -_antimony-124 to bi smuth it has been shown that these impurities move in opposite directions 
ieee and the optimum speed of zone movement | has been established. 8° Such tracers can give | 
“es a quantitative information on the removal of a 1 specific impurity from a specific element, but | 
the general efficiency of a design of zone- -refining apparatus for treating organic substances | 
can be examined by using a dye or a fluorescent material soluble in the liquid but insoluble 
ae ae in the solid main component. Thus a solution of 0-03 per cent. of indulin,® a blue dye, or 
Sti pon of 0-2 per cent. of anthracene,“ a material fluorescent under ultra-violet light, in naphthalene 
: Fa: have been used to study the efficiency of apparatus design. To indicate the degree of separa- 
: a. tion that can be achieved it may be noted that the passage of eight zones reduced the anthracene 
2 content in half the charge to 1/10,000th part of its original value. bite 


gal If the impurity is much more volatile than ‘the main seine! Lei it m 


rh distribution of the impurity as vapour through the space above the charge. ~ Van den wad 
_ gaard® has examined theoretically and experimentally the behaviour of volatile components 
in zone levelling. In practice, improved separations | in zone refining may sometimes be 
: <a obtained by streaming a suitable gas over the specimen. _ For example, Theuerer® has shown 
- that boron is extren mely difficult to remove from silicon by simple zone refining, but if the 


process is carried out in a stream of hydrogen | containing small amounts of water vapour the 


‘ oxidation of both silicon and boron and evaporation of of the oxidation products th that condense 


fe _ Pfann® has described many separations attempted up to 1957, and his book should be | 


an - consulted for examples, but here a few unusual separations that have been undertaken since 
that date will be described. Attempts have been made to separate isotopes, and the zone 

refining | of water enriched with deuterium has been found to produce a slight concentration 
‘ 4 change. Thus, for example, when water containing 1-96 per cent. of deuterium was treated, 
a fraction containing 2-07 per cent. of deuterium was obtained.“ Smith and Thomas® have 


a Peaker and Robb“ have shown that polystyrene can be fractionated by dissolving a 
ee in beg screr mesa and placing a plug of the solid mixture at the end of a column | of 


: _ analysts requiring reference specimens for the calibration of apparatus or for the development 
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boron can be removed preferentially from the bar. It is suggested that the process involves 


_ also studied the zone refining of D,O and H,O mixtures, but they conclude that the practical 
application of the technique may be limited to attempts to prepare ultra-pure — of § 


these are of considerable interest to all | 


gee _ This paper i is ; published by permission of the Director of the National Chemical 1 Laboratory. | “al 
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ANALYTICAL METHODS COMMITTEE: 


| A pli cation of Gas-Liquid Cancanitidiedity to Essential-oil Analysis 


Pats Report on the Determination of Citronellol in Admixture 


PS es Avra Walbaum and Stephan (Ber., 1900, 33, 2307) showed that geraniol was dehydrated | shia 

; a to a mixture of terpenes and that citronellol was converted to its formate, in almost quantita- F P 
pa _ tive yield, when heated with anhydrous formic acid, the method of hot formylation became aaa 
oe widely adopted for the assay of citronellol in essential oils, such as those of rose and geranium. } oe 
was recognised (Schimmel’s Report, April, 1901, 50) that the method gave results 
ca slightly higher than theoretical when known mixtures of citronellol, geraniol and limonene f ane 

Sia or pinene were examined, but, in view of the obvious commercial utility of the method hail 
o despite its limitations in accuracy, although not necessarily i in ‘Petey, it has been § Les 
a. --—-—- Modifications in the reaction conditions have been proposed from time to time in efforts B 


to obtain results in quantitative agreement with known percentages of citronellol. The } 
_ most important of these modifications is the use of 90 per cent. formic acid in place of | 


the 100 per cent. acid used by Walbaum and Stephan. Other modifications have involved fT I 
lower ratios of acid to oil; boiling under reflux and heating in a bath of boiling water have 
also been proposed. All these modifications affect the ultimate result obtained for 
‘The reaction between citronellol and formic acid was studied by Pian (J. pr. Chem, He 
1921 (II), 102, 276) and shown to be extremely complex, yielding only a minor amount of B 
citronellyl formate, the major proportion of the esters being the mono- and diformates of BF 
citronellyl glycol (3 : 7-dimethyloctane-1;7-diol), accompanied by minor amounts of un- § 
changed citronellol and terpenes and approximately 15 per cent. of polymerised residue of 
unknown composition. Pfau also showed that, when 100 per cent. formic acid was used, “a 


the amount of glycol diformate produced was substantially increased at the expense of 


citronellyl formate, compared with the results obtained by the use of 85 per cent. formic acid: 3 

ie As gas - liquid chromatography is a powerful tool in the investigation of reactions of F 

this type, the Sub-Committee considered that a preliminary study of the formylation of Be 

citronellol and geraniol i in admixture would be worth while if accompanied at the same time {st 

by direct t comparison of peak areas from the gas - liquid of the mixtures thus fo 

‘Spectrographically pure (+)-citronellol and geraniol were used in this in 

bdo an of these constituents containing 79, 13, 37 and 57 per cent. of citronellol by weight were | 
‘prepared and circulated to certain members of the Sub-Committee. Te 
Each sample was formylated by four variants of Walbaum and Stephan’: ; original method, 


fi and the apparent citronellol content was calculated from the ester value of the formylated oil. 
Fer ——* aA Specimens of each formylated sample were hydrolysed, and the neutral ether-soluble 
Te ‘fractions, consisting of alcohols and terpenoid hydrocarbons, were also examined by gas - 

liquid chromatography, except when the ‘ “recovered- fraction too resinous for. 
mary Gas - liquid chromatography of the formylated a showed the presence of three 
As main peaks, apart from smaller peaks associated with terpenes, in all specimens. The peak 
___ associated with citronellyl formate was much larger than those derived from the glycol 
; an mono- and diesters, the last-named being by far the smallest, in contrast to Pfau’s results. 
ae oe material of high molecular weight would not be registered on the chromatogram. 


The “recovered- alcohols” fractions all showed two peaks only, arising from citronello] 
‘and citronellyl glycol, with minor amounts of Cro terpenes. Table 
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-CITRONEL 


84-9 87-8 95-1 86-0 194 


(Mean 58) 
* The hot- formylation m methods | used were— 
oer “A. Oil, 10 ml; 90 per cent. ery acid, 20 ml; 1 hour on sand bath. e8oF1 bi 


> 
Parry, “Chemistry of Essential Oils,” Fourth Edition, 1922, Volume IL, p. 334. Oil, 10 ml 


Gildemeister and Hoffmann, “Die Aetherische Oele,’’ Third Edition, 1926, Volume I, Pp. 
Bese _ (Walbaum and Stephan’s original method). Oil, 10 ml; 100 per cent. formic acid, 20 ml al be “ 


Synd. Nat. de Grasse, Méthode No. Oil, 10 ml; 90° per cent. formic acid, 20 ml; 1 hour 


on water bath, with ‘shaking during first 5 minutes. 


‘ys oF t This discrepancy of i against 13 was probably due to non-linearity - the detector in the instrument _ 


2 Bei, It will be observed that method A in Table I gives ‘results nearest to the theoretical, 
shir divergencies from the latter are considerable. 
P ‘The Sub- Committee considers that any reference method should be free from demon- “ba 
- strable inherent errors and, in consequence, does not support any method of hot formylation 
for the determination of citronellol in essential oils. The Sub-Committee is further of the 
Opinion that the application of gas - liquid chromatography to the determination of citronellol ; 
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E ‘DETERMINATION OF O-MERC 


e Determination of Organo- mercury | 


M.G, ASHLEY 


Protection Lid., J ealott's Hill Research Station, Bracknell, Berks. 


‘THe of organo- mercury residues, ir pesticide 


_ chemicals used on harvested crops, has become very important in view of the concern now } 


, es _ shown in the amount of residue likely to be present at the time ofconsumption. Itis important 


ae - that such residues, if present, should not constitute a hazard to the consumer, 


Only a limited number of analytical papers dealing with the determination of organo- } 
‘mercury residues in plant material have been published, and there is consequently little | 


information on suitable alternative analytical techniques. The majority of the published 
information is reported in terms of mercury determined after destruction of all organic matter 
a a in the sample under test. The toxicologist has, therefore, little information as to whether the 


appal 
Oc 


distil 


woul 


- organo-mercury compound remains intact on the plant surface, or is broken down to other @ 


compounds by weathering or by natural physiological processes within the plant cells. 
__ Martin and Pickard* have found that phenylmercuric nitrate or chloride remains un- 
_ changed in chemical form after exposure on apples for a limited period towards the end of 
the season. These workers have also shown that the mercury content of a solvent wash of 
the macerated fruit gave lower results than did a treatment involving total destruction of the 
= matter by a wet-oxidation procedure. It is probably for this reason that most workers 


_have chosen an analytical method involving a total or partial destruction of organic matter as. 


before the determination of the ionic mercury produced. 
___ Arthington and Hulme? have described a technique for determining mercury on the 
_ Skins of apples. These workers freeze-dry the sample before analysis to reduce the dilution | 
_ effect in the subsequent \ wet acid-digestion process and determine the mercury in the digested 
_ solution by the reversion technique of Irving, Andrew and Risdon.* Ford and Burkholder’ 
bee _ dissolve surface residues on apples by boiling them in 3 per cent. nitric acid and determine | 
the mercury colorimetrically with di-B-naphthylthiocarbazone. Beidas and Higgons® use 
tHe wet-oxidation method of Klein* and the dithizone extractive titration technique to deter- 


_ _ The Department of the Government Chemist has recently issued an interim report? on - 
if the estimation of mercury in apples. With a few minor modifications the method described } 


is that of Abbott and Johnson, who found that the Klein method® of digestion, although 
suitable for tomatoes, gave low recoveries of mercury on apples. _ They recommend the com- 


a bustion method of Laug and Nelson® as modified by Kunze ad that is, combustion in a mixture | 
+ 1) with metallic selenium. The mercury is extracted from jj. 


ig te. of sulphuric and nitric acids (3 + 
L . the treated acid digest by the method of Klein. — By using this method, with 5 yg of mercury 


be _ added as phenylmercuric acetate to the digestion mixture, with and without 50 g of macerated | 


cone apple pulp, we have obtained recoveries ranging from 4-4 to 4-9 wg of mercury in seven 
pet determinations; one other determination gave 3-9 wg. The residues found, again with this 
Cae ‘method, on apples after treatment with “PP” Liquid Mercury Plus in commercial orchards 

s " _ are shown in Table I. Each determination was carried out by taking ten apples at random 


es from the sample, quartering them and using eppee read chopped and well mixed. 


© 


The wet-digestion methods available are extremely time-consuming and require the skill 
: ee of an experienced operator. There is a very considerable number of papers in the literature 
‘ bs  & a very wide range of methods for the determination of micro amounts of mercury in 
aa urine and animal tissues, and certain techniques are available on which there is apparently 
information as their suitability for plant materials, 
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using irradiated mercury and gamma counting the from a modified an 
apparatus. In the presence of organic matter, considerable losses of mercury were shown 

to occur unless special precautions were taken. He comments that methods involving the oie 
distillation of ny from the 0 2% rather than —— * retain it in the digestion stage, 


RESIDUES ON APPLES AT HARVEST TR TREATED LIQUID MERCURY PLUS 


Rate of Number of Date of last and sampling, as mercury, 
200 gall. peracre 8 . Julyl0th = 10 0:08, 0-07, 0-07 
“200 gall. per 8 July 10 10th 100-08, 0-04, 0-0 


n 
samples: sot available, 
be worth investigating with plant materials. The use of 50 per cent. hydrogen peroxide 
as a digesting agent at low Ih insert as described by Polley and Miller’ would also be 
that the use of di-B-naphthylthiocarbazone does not offer any advantage now that the photo- 
chemical decomposition of mercuric dithizone can be prevented by the addition of acetic 
acid. Dithizone, however, is not specific for mercury, and consequently, in its application 
to residue work, ‘the extraction of copper, particularly, must be guarded against. Further, 
the sensitivity of the reagent to oxidation necessitates complete removal of all oxidising 
agents used in the digestion. Irving have shown that quantitative determination of 
mercury in the presence of copper is best effected by extraction with a solution of dithizone _ 3 


in chloroform from a sulphuric acid so solution adjusted t toa aren of about 1 and | as free from ~ >; | 


method and the | tine reversion rrarerssh : Tt has been found in these laboratories that 
when applying the mixed-colour method recommended by Abbott and Johnson,® great care 
has to be taken at all stages of the extraction to prevent the dithizone becoming oxidised, — 
is since this will affect the blank values measured at 490 mu. It would appear that the alkaline 
stripping method as recommended by the Joint Committee of the Society for r Analytical — 
Chemistry and the Association of British Chemical Manufacturers,}* or the use of dilute ammonia — 
as described by Milton and Hoskins,“ would greatly reduce this difficulty. A further modi- 
fication of this. procedure has been described by Isaacs, Morries and Stuckey, ”* i in which excess 
of dithizone is removed by passing the solution down an alumina column. _ These workers 
’ have shown that c copper is also 30 removed by this procedure, and it would appear to bea 
particularly valuable technique, since the excess of dithizone and the copper can be eanatrepe 
The photometric method of Ballard land Thornton,1* adapted to air samples biological 
4 materials by Monkman, Maffett and Doherty,!” would also appear to be a promising approach ~ Ae 
for plant materials after a digestion stage. _ The mercury is collected on a pad of cadmium sa -* ‘ 
sulphide and, after being washed and dried, is volatilised in a micro gas chamber heated @ 
450° to 550° C. The concentration of vapour is determined by a detector cell containing a gi 


- ff photo-electric cell and ‘monochromatic light source. The output of the photo-electric cell is AG 


Plotted ona — and the area under thet curve traced is Measured compared wit with 
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. 
areas obtained for known amounts of mercury. is claimed that this method for the wor. 


- suitable modification of the recorder. The authors state | that an oo Caen operator « can 
__ From this summary it would appear that there is ample scope for - developing alternative 7 


determination of 0-1 to 10 + 0-1 yg of mercury, and greater sensitivity can be obtained by f- a, 
| 
ae and probably much more rapid methods of analysis for small amounts of organo-mercury ft a 


nies in plant materials, but no one method, or a of methods, can be recom- | RE/ 
Martin, J. T., and 4 Pickard, J. 3 Ann. Rep. Agric. Hort. Res. . Sta., Bristol, ‘wal 
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Colour Reaction for and Determining | 

Chromones and Related Compounds 
y J. STANTON KING, jun.,* anD NORMAN H. LEAKE 
(Research Department, The S.E. Co., Bristol, U.S. 4) x 


chromones react with alkaline m-dinitrobenzene 
_ intense blue or purple colour; this reaction is of value for their detection _ 
quantitative determination. Structural prerequisites for colour forma- 
tion have been investigated. than 100 compounds were tested, and from 
aia these tests it can be concluded that simple chromones having a methyl or 
a methylene substituent in the 2-position form a characteristic blue or purple 


colour. wae substituents interfere with colour formation; methoxy, 

methyl and halogen substituents do not. 3- -Methylchromone produces 
no colour. A typical gaa pplication of the reaction is 


DURING a a study of the metabolism of 2:5:8- -trimethylchromone, a synthetic coronary vaso- 

dilator, it was found that certain chromone derivatives formed a stable blue to purple colour | 
when treated with ethanolic alkali in the presence of m-dinitrobenzene.?.? _ The reaction was 
found to be applicable to the detection and quantitative determination of these chromones _ 
2 in blood, urine and various animal tissues. In order to determine the structural unit responsi- J 
~ ble for the specificity of the colour reaction, more than 100 chromones and related compounds ff 

were Aras. mae to the conditions of the test. This reaction was first utilised a a. 
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- The compounds tested 1 were kindly | “presented from various sour p. 
were used as received, with no further purification, with aB 


| Colorimetric measurements were ‘made i in matche 


ye: 


m- -Dinitrobenzene solution—Dissolve 2 


sium hydroxide in 100 ml of 95 per cent. athanel, cally. = 


water solvent—Mix. 


‘of 95 per cent. ethanol. _ ‘The dilution slows or stops the reaction and usually stabilises _ 


were placed in each test- tube. 


2:5:8- Trimethylchromone v was determined as as described below. Asa 
weighed and dissolved in chloroform. Aliquots of the solution containing from 5 to 100 pg 
_of the chromone were placed in test-tubes and evaporated to dryness by means of a current 
of air. In each test-tube was placed a 0-5-ml portion of m-dinitrobenzene solution, the 
_ test-tubes were swirled and then 1-0-ml portions of ethanolic potassium hydroxide solution 
"were added to the contents of each test- tube, which were again swirled. Maximum colours 
_ were attained in 5 minutes; at sai end of this time, 4-0-ml portions ¢ of ‘ethanol 


Table I shows a list of the tested < observed. Unless 


| i in that the colours produced were neither blue nor purple; sometimes the colours were also : 


_ stated, the blue or purple colours are intense and essentially stable for at least 1 hour. As_ 
"only the blue or purple colours are intense, only 1 these colours or colours close to them are 
tabulated and considered as a positive reaction. Failure either to give the aforementioned 
colour reactions or to form a colour at all is indicated bya dashes 
a Several of the chromones and related compounds tested did not give a typical reaction, 


faint. _ Some other similar compounds gave completely negative reactions. 


— To clarify the type of structure necessary to produce a typical colour, some intermediates . 


; and related compounds were similarly tested. The results are also shown in Table I; again, — 
the blue or purple colours produced are intense unless otherwise 

aa 
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2:5: 8-Trimethyichromone 
23:5: 8-Tetramethylchromone 


Hydroxy-2- -methylchromone 


6- 
6- 
3- 
7-Hydroxy-2- methylchromone is at Rose- -purple (fades in 2 hours) 5 


6: 7- ~Dihydroxy-5- methoxy-2-methylchromone 


2-Methyl-5 : 6: 7-trimethoxychromone = Burp . oy 


3-Methoxy- 2- -methyl-5 : 7: 8- trihydroxychromone_ 1585, 


6-Formyl-7-hydroxy-5-methoxy-2- methylchromone Purple (purplish ine 
6-Formy!l-7- -hydroxy-5- -methoxy-2-methylchromone anil Purple (purplish blue on bel 
ormyl- roxy-5- "metho nox chr romone oxime urple (purplis ue on 
-Dihydroxy- 6-formyl-2 2- -8-nitrochromone base ingtt 4 hea 
Formyl-7-hydroxy-5-methoxy-2-methyl- Purple (purplish blue on 
5-Methoxy-2-methyl-4’ 5’: 6: 7- -furanochromone (visnagin) Purplish blue 
Bromo-5-methoxy-2- methyl 4’:5':6:7- Bluish purple (purple 
Amino-5-hydroxy-2- methyl :5’:6:7-furanochromone Purplish black (fades to red) 
: 8-Dimethoxy-2-methyl-4’ 6: 7-furanochromone (khellin) Blue 0 5 


ak hal 


— 


‘Dimeth lamino-8-methoxy-2-meth 1-4’ 5’: 6: 7-furano- Blue 
3-Benzyl-2- -methylchromone 4 Blue- -purple seks ad 4 


2-Chromonecarboxylic acid 


4 Butyl-5 : 8-dimethoxy- -2-chromonecarboxylate 


_ minutes (fades in hour) 


}-Dimethyl] 


ime one 

2-(3’: 4’-Methylenedioxybenzoyl)chromone 


a5 
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6- 


_ Purple (fades in a 1 a few 
-Dimethoxy-4 -chromanone- us  Rose- -purple (fades in SIA 
6 : 7-Dimethoxy-4-Chromanone Bhuish purple (fades in ~45 
7:8- hDimethoxy- -4-chromanone (fades in ~45 
Carbomethoxy-2: 2-dimethyl-6-hydroxy-4-chromanone purple (faint green on 
-Carbomethoxy-2: 3:8: 9- -tetrahydro- -2:2:8:8- tetramethyl- 4H, 

a 10H-benzo(1:2-b, 3:4-b’)dipyran-4: 10-dione 


ore 


Ethyl 8-chlorocrotonate in a few seconds) 1 
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Resorcinol 


Anthrone 

Diethyl 


trans-Cinnamic acid ; 


Ethyl cinnamate 
y 


a4 Cinnamaldehyde 
_Xanthone 


‘Tetrahydromorellin 


_Artocarpin 


N. H. Leake and M. Fielden, ‘Maseengill Co., Bristol, , Tennessee, U.S. th 
= | a wd me = Dr. P. F. Wiley, Eli Lilly Research Laboratories, Indianapolis, Indiana, U.S.A. = = mi 
3. The Chemical Co., Cairo, Egypt (Dr. A. Schénberg, of Fuad 
5. Dr. Schmutz, Dr. A. Wander S.A., Berne, Switzerland 
ee 6. Dr. G. D. Thorn, Science Service Laboratory, Department of . London, 
— 8. Dr. R. Huls, University of Liége, Belgium 
10. Dr. L. Vargha, Pharmaceutical Research Institute, Budapest, | Hungary ; 
Dr. K. Venkataraman, University of Bombay, India 
(212. Prin Prin. B. V. Bhide, Sir Parashurambhau College, Poona, Indian 
The results with 2:5:8- are typical of those that may 
be expected for other appropriate 2-methylchromones. = © f 
1 Begs final colour, which was stable for several hours, was measured against a Teagent é 
blank solution at 520 my. absorption spectrum for 2:5:8- -trimethylchromone e had a 
maximum at 520 my, = 650) in the range 220 to 1000 my. A calibration graph 
a = at 520 my was linear over the range 5 to 100 wg of 2:5:8-trimethylchromone per sample. _ 
Identical optical- density readings were obtained for a 50-yg ‘both 7 and 


Pe. Our observations indicate | that, for a chromone to produce Mie characteristic blue to 
= purple colour, it must be substituted with a methyl or methylene group in the 2- position. 9 
In addition, hydroxyl groups must be absent from the 2- or 3-position and no more than one 
_ hydroxyl group may be present anywhere in the benzene ring. Other groups, such as ha halogen, 
ms se oy alkyl, alkoxyl, nitro and formyl, may be present in the benzene r ring and would not be expected 
to interfere with colour he colours produced by some these compounds are 
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The fact that 2-methylchromones contain ‘the grouping —C—C=C—CH,, whic 


resembles _cH,, led us to test various ‘acetophenones. In general 


= 


they produced. purple to red colours (see Table I). 
“a i egos were also found to produce stable purple colours, as expected, since ak 
have no grouping nal to that in 2-methylchromone, acetophenone or _chromanone — a 
and were not therefore expected to produce a colour. The extremely slight colours formed 
by three of the chromans tested are assumed to have been produced by traces of f impurities, ee 
since the other four similar chromans produced nocolou. 
‘The two | 3-methylchromones tested did not produce colours, nor were ‘they expected 
to do so, since they contained no grouping comparable to that of the compounds giving a 
pony reaction. Since the colour- “producing compounds react with benzaldehyde to form — 


and those colour do not either the —C—CH— group 

he doce —CH— group must be involved in the colour reaction. Carr? has applied 
. he colour produced by alkaline sodium 3:5-dinitrobenzoate and creatinine to the deter-— > : 
J .; mination of the latter substance. He postulated® the formation of a coloured addition ; 
other substances having a. group) the resonance hybrid dipole of 
sodium 3: 5- dinitrobenzoate. The colour reaction described in this paper can be explained 
Several miscellaneous’ ‘compounds were tested. Of these, ethyl anilinocrotonate a 
and ethyl f-chlorocrotonate seem the most interesting. Both are structurally analogous 
q 2-methylchromone, having the common structural grouping ng CH, —, and produce a_ 
may . transient purple colour. The colours produced by acids are generally less stable than those . 
from the corresponding esters. Hence, the related §-(2:5-dimethylphenoxy)crotonic 
gent | = and crotonic acid do not form colours. _ Esters of | oe these acids would be Boss ge to Ps 
da 
ple. 
characteristic and intense blue or purple colour with alkaline m-dinitrobenzene. Hydroxyl 
at _ substituents interfere with this reaction, but methoxy, methyl and halogen substituents do — 
not. The reaction appears to be suitable for adaptation. 
ion. 2 x : A King, Sides jun., Leake, N. H., and Warnock, N. H., Fed. ‘wees 1956, 15, 447. 
one , Arch. Int. Pharmacodyn. Thér., 1957, 110, 323. 
en Zimmerman, 'W., physiol. Chem., 1936, 245, 47. a4 
en, Raymond, W. D., Analyst, 1938, 63, 478. 
ted = 5. Hassall, C. H., and Lippman, A. E., Ibid., 1953, 78, 126 Page sine 
are BO 6 Heilbron, I. M., Barnes, H., and Morton, R. 'S., J. Chem. Soc., 1923, 123, 2559. se 
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of Dissolved Oxygen 
J. BANKSt 
Electricity Board, Donington Power Ste Station, mr. Derby) 


Further work is described on the determination of oxygen swith .. 


sea 3:3’-dimethylnaphthidine by a simpler and more sensitive procedure than 


that originally proposed. A precision of +0- P. m. 


(i) The calibration graph was prepared indirectly from standard solutions. 

. Bie ) No evidence was then available that the Winkler method was stoicheiometric at 

| The boiler-feed water available for field tests of the ‘method always contained 
The pH at the end of the Winkler reaction was such as to inhibit the o haliietion 


+» Aa -dimethylnaphthidine, a and a buffer solution had to be added before the 
This was designed to produce a method free from these se faults, The 
increase in boiler-operating pressures to above 2000 lb per sq. inch has necessitated procedures 
a capable of determining 0-007 p.p.m. or less of dissolved oxygen with a precision of +0-002 
p.p.m., and any proposed method should meet this requirement. 
Potter’ ‘4 and Potter and White®.*.? have exhaustively studied the determination of | 
| dissolved oxygen and have proved the validity of Winkler’s method® at oxygen concen- 
: ae trations below 0-001 p.p.m. They have proposed a precise and accurate method? involving 
_ specially designed sampling a and processing tubes‘ and an electrometric titration for deter-- f 
_ minjng the liberated iodine. Considerable experience and manipulative skill are necessary — 
_ before vependecaa results can be obtained, and the method is of limited value as a routine : 
pr  Stones* has applied a modification of the American Society for Testing Materials’ difference — a 
___ method? and includes the determination of iodine with dimethylnaphthidine, as proposed by a 
J Be 1 In the difference method, two portions of water having equal volumes are collected. 
With one (the sample), the normal Winkler procedure is carried out, but with the other 
_- (the blank), the reagents are added in reverse order to prevent reaction of the dissolved 
oxygen with manganous hydroxide, manganous ions being added last to the already acid — 
_ solution. The difference in the amounts of iodine liberated is a measure of the oxygen present, 
Meer any oxidising impurity having been allowed for. In the A.S.T.M. method, an oxidant, 
usually iodine, is added to the potassium hydroxide - potassium iodide solution to com. 
ae 4 pensate for any reducing interference, the same amount being added to sample and blank. © 
_ Potter and White? used potassium iodate for the same purpose. In the A.S.T.M. procedure, 
the oxidant in the sample, added with the alkaline iodide reagent before any other processing 
ae reagent, arrives at a high pH; in the blank, however, the alkaline iodide plus oxidant are @ 
ss dispensed into an acid medium. This may not cause any | difference in behaviour towards  § © 
added but was thought to be a disadvantage. In the proposed procedure, iodine. 


is added to both sample and ‘Biank as a final separate reagent, both solutions being acid 
"x bo of the outstanding features of Potter and White’s technique i is the small volume of 


nts used. eva 0-125 ml of each i is — as compared with 1 or 2 ml ee 
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ie | K ___ boiler-feed water; it depends on the intensity of colour produced when a solution of 3:3 -di- § inc 
rae bee A -methylnaphthidine is added to the solution of iodine formed by the Winkler reaction. The @ su 
“a jj use of 3:3’-dimethylnaphthidine has been proposed by Belcher, Nutten and Stephen for § ne 
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in most modifications of Winkler’ s goocedure: ‘Potter’ s sampling. tubet i is to permit 
_ this small amount to be dispensed accurately. _ The use of a small volume of concentrated — ae 
-Teagents renders their preliminary de-aeration unnecessary and allows a small fixed correction 
to be applied for oxygen in reagents.’ It was expected that the pH of the final treated == 
- sample after these reagent additions would be sufficiently high to render buffering unnecessary ies a 
before the dimethylnaphthidine solution was added. a aaa 
__ The disadvantages of Potter’s sampling tube are the high | degree of manipulative skill ia 2 
_ required and its cost in relation to probable breakage in routine use. An alternative method — 7 
} of sampling that permits equal accuracy in reagent addition has been proposed by Holland.!° — = 
The samples are collected by the submerged-bottle technique and the bottles are poor ey 
_ with Suba-seal stoppers. _ Reagents are dispensed from a graduated hypodermic syringe __ 
_ through the centre of the stopper, ingress of air being prevented by a seal of water lying a 
j in the cup formed by the upturned edges of the stopper and by the slight positive pressure — a. 
~di- induced in the sample bottle by the addition of even 0-1 ml of reagent solution. - One ig a 
The i such stopper can accommodate from twelve to twenty insertions of a No. 20 hypodermic e.. 
for § needle before it is | discarded. It was proposed to use this method of sampling, which also — Fa 
Ps _ had the advantage that all reagent additions, including that of the dimethylnaphthidine, a 
could be carried out in the same vessel. of bowollk 
__ In the early experimental work, the colour of the oxidised dimethylnaphthidine faded 
under the original conditions of colour development.’ This was traced to the solid 
{| reagent, and experience has shown that, if the solid is allowed to become damp, slow oxidation ae a 
— g occurs and causes impaired colour intensity and stability. The reagent is best stored in an = a 
: ie ampoule placed inside a tightly stoppered boiling-tube containing silica gel. It is now - _ 
= o = that the reagent solution need not be set aside before use’ and is, in fact, best prepared — aie 
freshly at frequent intervals, ¢.g., weekly, = = od vibes 
The effect of the pH of the treated sample from Potter and White’s procedure was =% 
_ first investigated. Solutions were prepared from 0-001 N iodine! to cover the range 0-0 to | 
0-08 p.p.m. of dissolved | oxygen. The dilution medium was yyy by adding, per litre E 
of distilled water, 0-5 ml each of diluted sulphuric acid (3 + 1) and a solution containing ne 
700 g of potassium hydroxide and 150 g of potassium iodide per litre. Manganous sulphate | 
_ Solution was not added, since it was only desired to establish correct conditions of acidity. 
_ Asolution of 3:3’ -dimethylnaphthidine in glacial acetic acid was added to each of the standard i" ; 
- solutions, and the extinction of each resulting coloured oxidation product was measured a i 
in &cm cells with a Spekker absorptiometer, Ilford No. 605 filters being used. The graph e.. 
. of extinction against concentration of dissolved oxygen was linear and passed through ae 
ig F origin, and intensity and stability of colour were better than when a bufier was — 
1 This experiment was repeated with standards containing dissolved oxygen in place « of i 4 


is iodine. Potter and White* de-aerated water by means of nitrogen in an elaborate apparatus: a 
and then added known volumes of air-saturated water to provide solutions of known oxygen am 
content. I used a simpler apparatus to provide the same result. _ A flat-bottomed 1000-ml o 
= flask was fitted with a rubber stopper through which passed an inlet tube drawn out to a .. 4 
_ coarse jet and reaching almost to the bottom of the flask and a short outlet tube. The © si wa 
_ stopper had a hole through which reagents could be added from a microburette fitted with oe f 
a long extension jet fixed by polythene tubing and capable of dipping under the surface of 
the water; this hole was closed:during de-aeration by means of a small rubber stopper. _ a 
— About 900 ml of distilled water were heated to boiling-point in the flask and a rapid “a 
Bs stream of nitrogen was passed through the inlet tube for 10 to 15 minutes. A 0-4-ml portion — bie 
: of manganous sulphate solution was added before boiling to ensure its de-aeration also. ud 
_ The flask was cooled under running water, the flow of nitrogen being maintained, and the _ 
inlet tube was then raised above the surface of the water to provide a nitrogen seal. A 
_ 0-4-ml portion of de-aerated alkaline iodide solution was added from a microburette through oar 
_ the hole in the stopper, the outlet tube being temporarily blocked with a finger to ensure i. 
‘positive nitrogen pressure around the burette. The flask was gently swirled to disperse the é 
precipitated manganous hydroxide, a measured volume of air-saturated water" was added from 
a microburette and the flask was again gently swirled to mix its contents. Finally, 0-4 ml 
diluted acid 1) was added, the supply was stopped and the stopper a 
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= — 11 The graph of oxygen present against extinction was linear over the range 0-0 to 
E o 06 p.p.m. and passed through the origin. Blank tests on the de-aerated water yielded no | 
colour with dimethylnaphthidine. A od now taggest seat olen. 
‘This method was open to criticism, as the oxygen was added after precipitation of the — 
; im manganous hydroxide. It was feared that if the air-saturated water were added first, oxygen 
ae 2 might be transferred to the nitrogen-rich atmosphere in the flask. It was found that a 
ce similar apparatus could be used to fill with de-aerated water a sampling tube of the type { 
“ described by Potter. A flat-bottomed 1500-ml flask was provided with a rubber stopper fitted 
with long inlet and short outlet tubes only. The outlet was attached to the inlet of the 
ae sampling tube, which was filled with distilled water and supported in a clamp, outlet end 
_ down. When the nitrogen-scrubbed water was boiling, the taps of the sampling tube were — 
= a _ turned so that the water was expelled via the outlet and the tube was scrubbed by the 
_ nitrogen - steam mixture. The flow of nitrogen was maintained during cooling. The 
sampling tube was then clamped in the sampling position, #.¢., outlet end up, and the flask 
my was inverted so that the nitrogen forced water through the outlet and into the sampling 
a tube. Water was allowed to overflow from the sampling tube for as long as possible before 


— 


_ Ashort piece from a broken microburette was attached to the inlet of the sampling tube 
re by polythene tubing, and air-saturated water was added from it, the taps of the sampling 
tube being used to control the flow from the burette. Reagents were added in the normal 
er manner,‘ dimethylnaphthidine solution was added to each treated sample and the colour 
ae: intensities were measured. The graph of colour intensity against oxygen present coincided 


with that obtained from the previous series of tests and was also identical with lines obtained 

iy. when solutions of iodine were substituted for dissolved oxygen. A calibration graph can 
therefor readily be Prepared from a simple standard without the necessity to de-aerate 

ite It was attempted to prove the validity of the submerged-bottle and Suba-seal technique — 
sim a manner similar to that already described, but narrow-necked 250-ml reagent bottles could [| 
not be filled with de-aerated water without ingress of air, because of the limited 


ae of about 0-01 'p. p.m. of oxygen remained in the blank after treatment, the con- | 
centration of oxygen originally in the sample was of less importance than the accurate : 
For adding reagents by syringe, . standard 20-gauge stainless-steel needles were at first ‘ 
used, but severe corrosion occurred with diluted sulphuric acid (3+ 1). Platinum - iridium > E { 
: 4 needles were obtained for use with this reagent, but stainless-steel needles were satisfactory — 
for all other reagent solutions. Air-saturated water and oxidant were added from a syringe 
- controlled by a micrometer. The latter was of, _— construction, made in the Station 


an all-glass Record 1-ml s syringe, graduated i in 0-1-ml divisions, 
for each reagent. Each syringe should be fitted with a No. 20 needle, 0-5 inch long (these 
oo] needles are approximately 0-45 mm in diameter). Use a platinum - iridium needle for the | 
diluted sulphuric acid and stainless-steel needles for the other reagents. The syringe for 
the iodine solution should be fitted with a calibrated micrometer. 
All materials should be of recognised analytical-reagent grade. 
Manganous sulphate solution—Dissolve 400 g of manganous sulphate tetrahydrate in 
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| on the piston). Pass the needle through the centre of the stopper, and add 0-1 ml of solution 


| in order to prevent liquid passing from bottle to syringe. _ Wash the cup with distilled water, 


Alkaline iodide solution—Dissolve 700 g of potassium hydroxide and 150 g of potassium 


3:3’ -Dimethylnaphthidine s solution—Dissolve 0-025 g of 3: 3’- in50ml 

“a glacial a acetic acid; warm to assist solution. Cool before use. eae aca paper’ 

Attach rubber tubing to the sampling point, and lead through | to. 
bottoms of two sample bottles standing i in a container sufficiently tall to give at least 3 — . a 
submergence. Lodge two Suba-seal stoppers between the bottles and the w: wall of the con- 

_tainer, so that they will be immersed in water. Maintain a brisk flow of water, — me 
cooled if necessary, and allow at least ten sample volumes to flow to waste. Remove the * 7 
sample leads, ensure that all air has been expelled from the hollow plugs in the stoppers and — Ba 
from the serrations around them, and insert the stoppers in the necks of the bottles. Check _ ] 
for complete absence of air bubbles. Leave each stopper with its soft lip upturned to form > 

- To dispense reagents, place a little distilled water in the cup to form a seal, and fill a 
_ hypodermic syringe with the appropriate solution (expel air from the needle by gentle pressure s 


rom es n e. ba aintain a sli ressure on e piston when wi rawin e needle, 
from the syringe. Maint light p the piston when withd g th dle, — 
invert the bottle to mix, and place v water in the cup for next addition. Add 1 
portions of the reagents in the order shown below— 
Alkaline ‘iodide solution Alkaline iodide solution 
Manganous sulphate solution Diluted sulphuric acid (3 + 1) 
Diluted sulphuric acid (3 + 1) +4 Manganous sulphate solution 


' 2 Use ia platinum - - iridium needle for adding the diluted ‘sulphuric acid and the micro- 
" meter-controlied syringe for adding the iodine solution. Thorough mixing is essential at each 
_ stage and is especially important after the addition of acid. All the precipitate in the bottle 
containing the sample must be dissolved before iodine solution is added. = 
| Remove the Suba-seal stopper from each bottle, reject a little of the contents, add 1 ml 
: of 3:3’-dimethylnaphthidine solution, and measure the extinction of the sample against the - 
blank in 4-cm cells with a Spekker absorptiometer (use Ilford No. 605 filters). Obtain the 
disolved content of the from a previously prepared calibration graph. 


“2 Run 0-2, 0-4, 0-6, 0-8 and 1-0-ml portions of 0-001 N iodine from a Ye into 


; separate 100-ml calibrated flasks. Dilute each solution to the mark ry water containing 
0-4 ml each of alkaline iodide solution and diluted ge acid (3 + 1) per litre. Place 7 


‘Plot a graph of dissolved oxygen extinction 2 of 0. 001 iodine i in 100 
4 is equivalent to 0-016 p.p.m. of oxygen). If the distilled water has an ‘“‘iodine demand,” 


tm graph will be displaced from the origin. Ss Move the origin to coincide with this zero, 


and adjust the graph accordingly.* 


collected varied from 0-001 to 0-038 p.p-m. For the first few samples the blank value was be re 
me determined in terms of oxygen, the blank solution being used merely as a reference. __ 
Later, however, the oxygen equivalent to the blank value was noted as a guide to the variation 
in reducing matter and also to deterioration of the iodine solution. The results are shown 


‘in Table I; it can be seen that added and — oxygen is good. 
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BANKS: FURTHER. ADVANCE N THE ABSORPTIOMETRIC 
: precision, as measured by the 95 per cent. limits of error of one denvcinatininy is some- 


what poorer than that of Potter and White’s method,’ but is adequate for routine work. 
ae: When less than 0-01 p.p.m. of residual oxygen is present, the precision is within that required 
for all viz £04 002, m the 0-007 p.p. m. level. The maximum 
RECOVERY OF DISSOLVED OXYGEN 


Dissolved oxygen in sample, | 


+ 


16 (00081 00153 00241 0-0056 0-0088 = + 0-0032 


as oxygen, bil “residual, total, added, recovered, Error, ai ol 
00084 tiv 00095 0148 (00028 (00053 +0 < 
fit (00113 oat -0-0042 00026 +0-0008 f 
~——-0-0067 0-0157 0-0191 00042 000384 90008 1 


0.0081 0146 00040 — 0-002 


(00084 
00420-0039 00003 


00061 


230086 00152 0018 00032 0-029 
24 00053 001190165 00080-0048 be loom 
26 00043 00074 +0-0005- & 


0123 (00043 00043 40-0000 
880-0023 00082. 00080 —-0-0002 
40 0022 0- 0.0220 


0084 0-0118 00136 +0-0018 


O-0115 
0129-00193 
9 
0-0136— 


having residual 
40-0009 
d +0-0026 +0 0021. silo 
_ The values for the blank are sometimes too small, and more « oxidant could have been 
_ used. The amount of iodine necessary will vary for differer nt boiler-feed systems. _ To avoid 


a excessive ‘Pressure it in the > sample bottle it i is ia best to maintain the addition of iodine at 0-1 ml — 


Pag 
to 
a 
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and to use a more ifr more oxidant is was necessary to 


Potter and White? pointed out ‘that serious uncorrected with Winkler’s 
4 reaction occurs if ferrous iron is present and used an ion-exchange column to remove it — ae 
during sampling. The proposed method is based on Winkler’s procedure and is subject 
a to the same interference; ferrous iron should ee: be removed by Potter and White’ ‘Ss *: 

‘The use of hydrazine | as ‘an oxygen scavenger is common in high- pressure b boiler-feed — 

systems. Hydrazine in interferes seriously with the oxidation of 3;3’-dime ethylnaphthidine 

and invalidates the procedure. However, it is usual to sample for dissolved oxygen upstream — = 

. of the point at which hydrazine is added, the oxygen level being used as the control for the Pa a 

/ amount of hydrazine required. Volatile amines, chiefly morpholine and cyclohexylamine, Pa : ; 

: are also frequently added. In my experiments, morpholine did not interfere when ae 
= was of the normal level used (about 2 p.p.m. 


t 


e proposed method for determining n microgram amounts of dissolved oxygen is ; simple 
: and accurate. _ The sampling apparatus required is simpler and less expensive than tha 
— used by Potter and White, and the method can be used successfully on a routine _ after 
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ya _ for permission to publish this paper. I also gratefully acknowledge the invaluable experimental ae a 
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Mr, G. Dy Mayne (Castle Donington) and Miss M. J. Hill (Divisional Laboratory, North 
a _ Wilford) and the constant encouragement given by Dr. E. W. F. Gillham, Regional Research _ 
; and Development Officer, Midlands and East Midlands Region, Central Electricity Generating a 
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"(Governmental Vitamin Laboratory, Norwegian Fisheries Research Institute, P.O. Box 187, ot 


pa for the a-tocopherol in oils and 


described. The principle of the method is (i) saponification of the sample > 
— and extraction of the unsaponifiable matter, (it) adsorption chromatography — 
on a column of alumina, (iii) partition chromatography of the a-tocopherol — we 2a 
TY - fraction on strips of paraffin-impregnated paper in a horizontal jar and ‘wit br 
ep ley (iv) measurement of the extinction of the a-tocopherol fraction and calculation _ Sait 2 
the potency by a geometric correction procedure. 
‘ols The method is specific for a-tocopherol. It has been applied mainly 
ss to oils, livers and fillets from fish, for which it has the advantage of simul- ai 
taneously determining vitamin A. Certain other foods and feed components 
woe _ have been analysed, and the results are discussed. The method is mainly yl 
intended for samples containing only «- gs ratte but it can also be applied — 


| Wits the known existence of all seven methyltocols in different concentrations in natural 
roducts, 1,2 the determination of total tocopherol is of less interest as a vitamin-E assay. 


Although several of the tocopherols can be determined by two-dimensional paper 


Non-a-tocopherols are found mainly in vegetable seeds and foods made therefrom, and the 
Bye vitamin-E activities so far reported for these compounds are far below that of a-tocopherol ) 


and ¢- tocopherol exhibit 40 per cent. of the activity of a-tocopherol ; the exhibit 


aa per cent. or less*.‘). _ The recent practice of fortifying certain feeds wi 


further increases the for a specific method for its 


in 1940,5 but the intensity of pe the short ultra-violet wavelength 


of its maximum (E}%, = 72 at 292 my) have so far made it of little promise. = = 
=e _ A combined separation by adsorption and partition chromatography should, however, - 
give : an a-tocopherol fraction with a sufficiently specific absorption curve. Two-dimensional _ 
chromatography on paper, as proposed by Green, Marcinkiewicz and Watt,! is not practical 
for quantitative elution purposes. This has been discussed by Mason and Jones,® who prefer 
: _ to develop the papers slightly with the Emmerie - Engel reagent before elution, a method not 
suitable for ultra-violet spectrophotometry.— Adsorption chromatography on alumina can 
_ be carried out rapidly and without loss; it has the further advantage of providing a simul- 
taneous determination of a-tocopherol and vitamin A’ (as in fish oils). Bro-Rasmussen and 


_ Hjarde® found that separation of the tocopherols on a column of magnesium phosphate was | 


= sufficient for the subsequent colorimetric determination of «-tocopherol; Edisbury, Gillow 
"5 and Taylor,® who used an alumina column, purified the fraction by passage through slightly 
or alkaline alumina. We have fractionated the unsaponifiable matter from different fish oils 
oe and vegetable oils through alumina columns in accordance with the principles described by 
a Gridgeman, Gibson and Savage’ and have found that, although recovery of a-tocopherol — 
and separation from vitamin A is good, the specificity of the absorption curve is generally — 
ss insufficient for quantitative spectrophotometry. — _ The use of an alkaline column’ is hazardous, 
as a slight excess of alkali can result in high losses of tocopherol. Neither this fractionation 
‘mor a second passage through normal alumina suffices for spectrophotometry. ~ We have 


a = therefore purified the '«-tocopherol fraction from the alumina column by partition chromato- 


fs —~- on strips of paraffin-impregnated paper. Strips of paper between 1-0 and 1-5 cm wide 


(ate suitable, as they can be rapidly compared with a developed strip and can be cut into small 


= for elution. A relatively large amount of a-tocopherol is needed to obtain a concen- 
_ tration suitable for subsequent spectrophotometric measurement (spots formed by 100 pe 
a-tocopherol eluted in 4 ml of ethanol gave values of about 0-200). 
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mounts tend to form on Whatman No. 1 paper, but well defined s are 
on the thicker Whatman 3 MM paper. The liquid used for impregnation should preferably gos 
be only slightly soluble in ethanol to avoid irrelevant absorption. Medicinal liquid paraffin 
suitable, but 2:6:10:15:19: 23- -hexamethyltetracosane (squalane) is better. 
_ which kas been used as a non-polar phase in gas - liquid chromatography,” is a single defined 
_ substance having no light absorption in the ultra-violet region. — It has the further advantage a ge 
of almost constant viscosity at different temperatures, which is useful for paper chromato- 
? graphy at elevated or low temperatures (we use the same Paper- -chromatographic equipment — 
for different procedures requiring diferent temperatures), 
ni __ «-Tocopherol is oxidised by air, which should be excluded, if possible, during the applica- 


tion of the spot to the paper. This can be conveniently achieved by horizontal paper — 
chromatography. Meredith and Sammons! recommend horizontal paper chromatography _ ‘ 

and point out the ease with which solvent equilibrium can be attained in the vessel; Robertsi* _ 

is recommends it because separation is more rapid than that by descending or ascending- -solvent _ 

_ paper chromatography. The technique has the further advantages that the papers can be — 

- placed in position before the spots are applied, thereby avoiding further handling, and the 

_ vessel can be conveniently placed on shelves in an incubator or refrigerator. working 

with unstable compounds, the air in the vessel can be replaced by nitrogen. 

_ We have found that stainless-steel jars can be used as chromatographic vessels. — Such © 

j ‘jars are commercially produced for the food industry and are therefore cheap and easily “ih 

obtainable. They are also light in weight and more durable than glass jars. The arrangement — bes 
of the glass lid and nitrogen inlet is shown in Fig.1 (6). ss on 

When 85 per cent. of ethanol in water is used as solvent, the a- tocopherol spot has a 

: mean Rr value of 0-4, vitamin A moves with the solvent front and another tocopherol spot, — Fi 

; presumably that of a dimethyltocopherol, sometimes occurs at Re 0-6. Large amounts of | 
a-tocopherol produce extended spots, | C8: _ Ry from 0-25 to 0-50, but this seems to have no wo 

| The application of quantitative spectrophotometry depends on the correction of irrelevant 

a absorption, Mae problem extensively discussed in connection with the determination of vitamin | 

a A. The principle of geometric correction is well known and is used in official methods for - 

2 determining vitamin A.%-'* It has also been applied to the determination of ergosterol?’ 

7 and provitamin D."* The steep and symmetrical absorption curve of a-tocopherol in ethanol 

__ is suitable for a geometric correction procedure, but it must be stressed that small corrections a 
_ give the most exact results; corrections of less than 10 to 15 per cent. may be accepted as — 7 

_ reliable. Generally, the correction procedure tends to give low values. Our correction 4 

_ formula (see p. 709) was calcu. ated, as described by Oser,!® from the absorption values 


The a- tocopherol fractions from fish oils obtained by adsorption chromatography on 

_ alumina normally have absorption maxima near 292 my. The irrelevant-absorption curve 
calculated by difference from these fractions has an absorption maximum between 270 andy 

275 mp. The extinction value of this absorption is generally low compared with the corre- 

sponding a- -tocopherol absorption, but one ‘prominent exception has been found. Dog- 4 
fish-liver oils have an absorption maximum at 282 my after chromat hy on alumina. § 
This fraction was separated by paper chromatography into three components having Re an 

< values of 0-1 to 0:2, 0-4 and approximately 0-8. The first of these components had the oe 
greatest absorption, maximum | extinction ‘occurring at 272 mp, and an absorption curve 

similar to that of ubiquinone. As the chromatographic behaviour corresponded to that — ira 

of ubiquinone, we tried to reduce it to tocopherol- like substances, but obtained no raton 7 
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made in l-cm quartz cells with a Beckman DU lamp). 
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LAMBERTSEN AND BRAKKAN: THE SPECTROPHOTOMETRIC 


"before use. 


-Dipyridyl solution, 0-5 per cent., ethanolic, 


Squalane solution—Prepare alo per Gent! solution ‘ ‘of 2:6:10:15:19: :23-hexamethyl- 7 
ia - tetracosane in light petroleum (the squalane used was obtained from Johan C. beamed and 


p Norwa A similar solution of medicinal liquid paraffin an be used © 


adhe 
the 


Column for adsorption chromatography (up hes red on preparations ed 
)-- six samples can be run simultaneously). D-a- tocopheryl hydrogen succinate 
"s if _ tocopherol in different solvents: curve A, 


= oft ethanol; curve B, cyclohexane; curve C, 
tubes for supporting paper strips; E, glass rod 


for weighting the ends of paper strips to be 


ty 
* 


* -_—Heat a sample containing at least 0-5 mg of a-tocopherol in a bath of boiling water for 
i minutes with 3 ml each of 60 per cent. potassium hydroxide solution and ethanolic pyro- — 
_ gallol solution and 25 ml of ethanol. If more than 3 g of oil are needed to obtain sufficient | 
% -tocopherol, saponify two or more portions, and combine them later, = | ll 
Add ‘50 ml of water, and extract -unsaponifiable matter with one 50-ml and then three 


. - 20-ml portions of diethyl ether. Wash the combined extracts with one 50-ml and then 
. four 30-ml portions of water (take care at first to avoid formation of emulsions). Evaporate 

_ the extract under reduced pressure on a bath of warm (but not boiling) water, dissolve the 
_Tesidue in a few millilitres of light petroleum, and transfer the solution to a 20-cm column 
alumina. that t during and subsequent the never 


if Diethyl ether—Freshly distille 
Light petroleum, boiling range cali 
then shaken with concentrate SUIDRUNE acid, If Hecessary. end glo 
Brockmann’’)—Shaken with 6 per cent. of water for at least 15 minutes to tl 
dish 
— at | 
300 
of 
— 
— 
2 
— "|| | 
aa 
— 
4 
= 
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.- a-tocopherol fraction | with a 4 per cent. solution of ether in light petroleum (the « concen- [i 
tration of ether can be increased to 6 per cent. if necessary). _ Collect the eluate in 10- at ia a 
- calibrated flasks, and carefully evaporate 0-25 ml of each fraction in a small white porcelain - a : 
_ dish (use a current of air). Add 1 drop each of ferric chloride and 2: 2’-dipyridyl solutions 
to the residue in each dish; a carmine colour in the liquid or in a ring on the sides of _ 
_ dish indicates the presence of a-tocopherol, which should be collected in two to five 10-ml ie ee 
4 _ fractions (see Note). If vitamin A is present the fluorescent vitamin-A band should begin a Ae 
atl least 5m above the base of the column after the «- tocopherol band has been eluted. $$ 7m 
Combine & ml portions from each of the positive fractions, evaporate under reduced 
“pressure, and dissolve the residue in 2 ml of acetone. Transfer this solution, in portions 
H of O-1 to 0-5 ml (100 pg), to strips of Whatman 3 MM chromatography paper, , 15mm = <s 
300 mm, that have been washed several times with ethanol, dried, dipped in squalane solution = 
and then dried tm vacuo (each strip should contain 1-5 mg of squalane). Attach the strips fee 
to glass tubes, hang them in the jar, and close the lid. Displace the air in the jar by nitrogen, reo 
and apply acetone to the strips with a capillary pipette through the holes in the lid. During __ 
this procedure, acetone is continuously evaporated from the paper by a stream of nitrogen, a mee 
see Fig. 1 (6). Include one blank strip and one strip for colour development with each set 4 
of papers . Add a solution containing 85 per cent. of ethanol in water, seal the jar with 
_ cellulose tape, < and allow the papers to develop at room temperature. The solvent front should te 
_ move between 15 and 20cm, which takes approximately 4 hours. (If dimethyltocopherols 
_ are present it may be desirable to allow development to continue for a further 1 hour.) 
_ Remove the papers, suspend them vertically, and apply ferric chloride and 2: 2’-dipyridyl ts 


. solutions to one strip by means of a cotton-wool pad. Mark the positions of the «-tocophero: . 


a with a pencil on the other strips, cut them out, and then rapidly cut them into small _ 

(1 mm) strips. Place these strips in a centrifuge tube containing 4 ml of ethanol, insert He 

: a stopper, and shake slowly for 5 minutes . Spini in a centrifuge to remove lint, and transfer __ Bt 
the solution to l-cm quartz cells. The extinctions at 280, 292 and 301 mp are used forthe = 

_calealation, | but for identification purposes the exact position of the ee should “a 
established. Calculate the corrected extinction value from the expression— 


¢ This value, divided by the extinction fo found for the the standard, gives the a- -tocopherol content 


Notrz—When the amount of non-a- -2-tocopherbls present te greater than that of 
gol separation may be difficult. However, by using a tightly packed column and a slow rate of 
elution it should be possible to collect at least one tocopherol-free 10-ml fraction between the two 


The proposed method has been in constant use for the last 2 years in our laboratory. 
- D-a-Tocopheryl hydrogen succinate was chosen as a standard preparation, as proposed by 
_ Joffe and Harris.*4 This is stable, easy to handle and has given reproducible results. . After iS ’ 


_ chromatography on alumina, its extinction has varied between 74 and 76, which has been 
. taken as 100 per cent. recovery. Fig. 2 shows the absorption curves of this product in three 
‘ solvents, and the results needed to calculate the correction formula are shown in Table I. © 
i... paper- chrotmatographic step has given recoveries between 92 and 98 per cent., the mean a 
loss being 5 per cent. This loss apparently arises from the partition of a- tocopherol between i x 
the squalane in the paper and the ethanol used as extraction solvent. Complete recovery - 
be obtained by extraction with acetone, but as this causes higher blank values we prefer 
a use ethanol. Recovery by the proposed method has also been tested by adding known 


amounts of standard to the before saponification ; over-all: reproducibility is 


a ‘Ther method was applied mainly to fish oils, which have repeatedly been shown to contain - = 
a-tocopherol. Jansen and Kringstad™ found a-tocopherol contents of 33 to 130 wg per g in 7 
herring oil and 23 wg per g in whale oil. Robeson and Baxter prepared «-tocopherol from 
_ Shark-liver oil, and Lieck and Willstaedt™* found «-tocopherol contents of 18 wg per g in 
_ turbot liver and 10:5 pg per g in fillets of Baltic Sea herring. Brown,* by chromatography _ 
_on petroleum jelly coated paper, found a-tocopherol contents between 250 and 450 pe perg 
in fish- aver | _ Our results, which are all in the same range as those just mentioned, are — 
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Table II shows of a- -tocopherol found in some other food products. 


7" _ These analyses show that the proposed method is reliable for most products containing - 
_ only a-tocopherol, and the determinations in cod fillets and bacon fat are instances in which : 


&§ 7 sufficiently specific absorption curves were obtained at «-tocopherol contents of a few micro- 
grams per gram. Grass meal and kelp meal (Laminaria sp., which contains only «-tocopherol*”) 

_ were further samples for which the method gave accurate results, but for egg yolk and butter 

correction up to 25 cent. and the ‘were less accurate. 

: 3 HEROL AIN OILS 


aa _ AMOUNTS OF &-TOCOPHEROL FOUND IN CERTAIN OILS AND FOODS 


Haddock liver . pn 


4 ‘Dried vitamin preparation for addition to feeds 600 
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tions of the absorption curves, but mixed feeds, grains and seeds cannot be accurately — 


Foods containing several tocopherols must be analysed with great care to obtain reliable 
results. Most vegetable oils, as well as margarine,?* can be analysed with reasonable correc- 


_ analysed without further modification to the method. _ Such products, however, should be | 
_ analysed for non-«-tocopherols also, as the presence of these homologues, despite their low 
_ Vitamin-E activity, may substantially increase the total activity of some samples. — Mixed» 
feeds containing added «a-tocopherol, ¢.g., as acetate, can be analysed by the proposed method, 
_ It is unfortunate that no method is known for distinguishing between the D and DL forms — re 

of z-tocopherol, as these forms differ by about 30 per cent. in biological activity. 
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colorimetric method based on optical- -density measurements on jiqu 
tact tions of a hitherto unreported green reduction compound of silicomolybdic acid 
been developed for determining small amounts of tin. The method was whe 
particularly for determining organo-tin compounds in textiles. pro 
from 0-5 to 1-25 mg of tin can be determined with an accuracy to a 

within +2 per cent., and amounts as small as 0-05 mg can be determined a 4 
to within +4 cent. Sani 2 i Bos. Ae > 

-Laporatory and industrial tests have shown that organo-tin compounds are effective } of 
Bi fungicides in textiles and paints'?.3; concentrations as low as 0-1 per cent. are adequate #7 
—a in some circumstances. A rapid and accurate method for determining the concentration of JJ 2 
Ex. ‘such compounds in treated materials is essential for a thorough study of their value as fungi- : tal 
cides and also for the control of commercial processes. 
The general formula of these compounds is R,SnX, in which R is either alkyl or aryl 
iS and X is a negative ion, e.g., acetate, halide or oxide. The determination of tin is the easiest 4 St 
eS method for quantitative analysis, especially as textiles are rarely treated with tin compounds > 2 a 
_ (except for a few fire-proofing agents that are now obsolete). Organo-tin compounds contain 3 4 ca 


from 30 to 50 per cent. of tin, and the amount of tin usually found i in a l-g sample of fabrics a th 
rot-proofed with such compounds is between 0-3 and 2:5 mg. _ A volumetric or eeiamatsic ac 
.¥ ae for determining the tin content of the fabric is therefore not convenient. _ fi to 
Baker, Miller and Gibbs‘ described the determination of tin by a colorimetric ‘method 
involving a blue reduction compound of silicomolybdic acid, but I found that — fa 
results having the required accuracy could not be ‘obtained by their method. Several 
reasons were found for the lack of reproducibility and are discussed later; a major cause 
_ was that, under the conditions of the determination, several silicomolybdous acids may be § x 
_ formed. Strickland® stated that silicomolybdic acid exists in at least two forms, which =a Po st 


called « and 8. These acids were formed in different proportions | depending on the conditions, ‘- 
the B-form slowly changed spontaneously to the a-form. Further, Strickland stated is 
$ Lode that he obtained two reduction products from the «- -acid by using 4 and 5 gram-equivalents of a 7, 
_ stannous chloride per mole of silicomolybdic | acid, but only one reduction compound was — _ 
formed from the B-acid (when 5 gram-equiv alents of stannous chloride were used) = _ 
> eat The chemistry of the reduction of the silicomolybdic acids is, however, even more com- ¥ 
‘Plicated than this. Emerald-green reduction compounds of the and f-acids are formed | 
when up to approximately 0-5 gram-equivalent of stannous chloride is added and are definite 


ad distinct compounds. These reduction complexes do not correspond to Strickland’s — 
-“sea-green” a-silicomolybdous acid, since they are formed much earlier in the reduction. 

- The green complex of the f-acid has a flat peak in its absorption spectrum at 6800 A; it is” 
‘ remarkably stable in comparison with the blue compound formed in the method described 
_ by Baker, Miller and Gibbs,‘ which fades markedly after 5 minutes, especially when the | 
_ amount of tin present is about 1 mg in 130 ml of reagent solutions. The green compound ~ 
is therefore considered to be the most suitable complex for-use in determining om: it The ‘ 


| 


Because the silicomolybdous acid is formed with only. 0-5 gram- equivalent 
of stannous chloride, whereas 5 gram-equivalents : are needed to form the blue compound, a 
: a _ ten times as much silicomolybdic acid is required for a given amount of tin. The specific 
‘ i: extinction coefficient of the green silicomolybdous acid is lower than that of the blue compound, | 
oe and the green form must therefore be used at higher concentrations in order to obtain wm 
density values suitable for measurement. | 


When the optical densities at 6800 A for solutions obtained by reducing B-silicomolybdic 
acid with were concentration: of ti 


the ro was linear 
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‘Dec., RUSSELL: THE D DETERMINATION OF SMALL AMOUNTS OF 
for of tin from 0-0 to 1-5 mg in 200 ml of final solution. Values lower than theorétical 

_ were obtained for amounts of tin greater than 1-5 mg, owing to f formation m of 1 the bl blue r reduction 


AcID CONCENTRATION AND REDUCTANT— 


 InBa Baker, ‘Miller and Gibb’s method, silicomolybdic acid is added to a solution of stannous 
chloride containing undissolved zinc that is still evolving nascent hydrogen. Even if the © 
' _ is decanted within the 10 seconds specified, the reduction of silicomolybdic acid ae 


when higher concentrations of silicomolybdic acid are used. This effect is avoided in the ge 
h* proposed method by completely dissolving the reductant and then boiling the | solution for ae 


at least 5 minutes toexpel all hydrogen, 3: 
a a The hydrochloric acid concentration must be restricted, as it was found that if the con-- 
¢ centration was greater than 2 N when the silicomolybdate reagent was added, the intensity 

_ of the green colour was decreased. At lower acid concentrations, evolution of hydrogen from 
zine was slow, and aluminium, which dissolved more rapidly and produced smaller bubbles, S. 
| was a more efficient reductant. _ It was necessary to use commercial-grade aluminium con- 
aa 0-3 per cent. of iron; the slight colour produced in blank solutions by the iron was | 
constant when approximately equal amounts of aluminium were used as reductant. 
STABILITY OF REAGENTS, SILICOMOLYBDIC ACID AND REDUCTION PRODUCT— 


7 Stock solutions of sodium metasilicate and sodium molybdate are completely stable a and 
“ can be stored for long periods. It was found that formation of silicomolybdic acid from — 


S - these solutions was complete within 5 minutes, but the yellow colour of the silicomolybdic | e 

Ic _ acid began to fade when the solution was set aside for longer than 10 minutes. This leads RP ae 

 & toa systematic error unless a time limit is imposed, after which a fresh solution must be pre-- Lie 


pared. similar observation was made by Volk and Weintraub. Attempts toovercome this 


it ia _ fading were completely unsuccessful, and the silicomolybdic acid was therefore freshly ‘prepared r 
il _ and used only within 5 to 10 minutes of preparation; 


__ Strickland has pointed out that a molybdate species “formed only in in 1 moderately acid — 
solution can be reduced to form molybdenum blue when added to stannous chloride in 
strongly acid solutions. To avoid the possible formation of molybdenum blue in the pro- 
% re method, an excess of sodium metasilicate solution is used to ensure that all molybdate 


t ny he method is not specific for tin; iron, antimony and possibly any metal that can 
a be reduced by hydrogen will produce the same colour with silicomolybdic acid. However, 
Sg by distillation from a mixture of hydrobromic and sulphuric acids, tin can be quantitatively — 
ion from all interfering metals except arsenic, antimony and mercury.’ Alternatively, — 


the organo-tin compounds can be separated from most interfering metals by solvent extraction. 


Organo- tin are generally resistant normal oxidation and 
- "serious losses occur if the oxidation | is prolonged, as some of the compounds are volatile 
g in steam.® The most satisfactory method i is that described by Kocheshkov,® which consists 
in wet oxidation by a mixture of equal volumes of fuming nitric and fuming sulphuric acids. : 

q - This mixture rapidly oxidises any organo-tin compounds and also digests the textile present. 


Aluminium pellets—The pellets used had a purity of approximately 99-5 percent.and = 


% | 


a Hydrochloric acid, sp. gr. 1- -18—Analytical- reagent grade. 
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TION OF SMAL AMOUN 

‘Sulphuric acid, sp. gr. 1: -reagent grade, of 0-6 mon Bot 
bets 


Sodium molybdate soluition—Dissolve 29-1 g of -reagent grade sodium molyb- 
ile te date, Na,MoO,.2H,0, in 800 ml of distilled water, add 20 ml of sulphuric acid l, Sp. gr. 1 ‘84, 


Sedan matanilicate solution—Dissolve 25-4 g sodium 1 metasilicate, Na,SiO3. 5H,0, th 

in 800 ml of distilled water, and dilute > to the 

Silicomolybdate reagent s solution—By pipette, place 100 ml of sodium molybdate solution 
* in a 1-litre calibrated flask. Add 50 ml of sodium metasilicate solution with constant mixing, Es becé 
and dilute immediately to the mark. . This solution must be used within 5 to 10 minutes — ig mor 

Standard tin solution—Dissolve 0-05 g of 99-99 per cent. pure metallic tin in 1 titre 
Be of 50 per cent. v/v hydrochloric acid. This solution contains 0-05 mg of tin per ml. : &§ po 


Hs— 


For 0-25 to 1 5s mg of tin—Take suitable aliquots of standard tin solution to cover the j - tior 
-Fange 0-25 to 1-5 mg of tin, add hydrochloric acid, sp.gr. 1-18, and dilute each solution to ff a 
100 ml with water. (The solutions should now be approximately, but not greater than, _ “4 
a. _ 2N in total acid.) Add one aluminium pellet to each solution, and place on a hot-plate | a = 
adjusted so that the solution boils just before the aluminium has completely dissolved. Con-_ p 2 
tinue to boil for 5 minutes to expel hydrogen, and then rapidly add to each solution 100 ml on 
Of silicomolybdate reagent : solution. Cool the solutions to 20° C in a bath, and dilute 
each with distilled water to 200ml ina calibrated flask, 
___After 15 minutes, measure the optical densities of the solutions ; against distilled water { ie 
at 6800 A in 3-5-cm cells with a Uvispek spectrophotometer. Also measure the optical 
. ih. density of a blank solution that has been treated in the same way as the standards, and 7 _ 
pi subtract this value from the optical densities of the standards. _Plot a graph of optical density a 
bet. against amount of tin present. The graph is linear from 0- 0 to 1-5 mg of tin and has the | 
Kak equation y = 0-625x, where y is the optical density i in a 3-5-cm cell and x is the amount of _ 8 
‘bee tin present in milligrams. Under these conditions, the optical densities of solutions con- [{ ; 


taining more than 1-25 mg of tin are too high for “precise measurement a1 and those of solutions 
= containing less than 0-5 mg of tin ar she wal 
- For 0-05 to 0-30 mg of tin—Proceed exactly as described above, , but use only one-fifth §- 
ae of the amounts stated. For example, add 20 ml of silicomolybdate reagent solution, and ff 
& dilute the final solution to 40 ml. Under these conditions, the graph is similar, but has — - a 
the equation y = 0-125. _ (The complete range of tin that could be determined was not fully 
investigated, since the method was originally’ developed for amounts up to l‘5mg.) 


a of fabric such that, when has been completed and the resulting 4 
a a solution diluted to 250 ml, a suitable aliquot contains between 0-5 and 1-25 mg of tin. Cut 
— _the sample into pieces, place in a Kjeldahl flask, and carefully add not more than 15 ml of f 

_ a mixture of equal volumes of fuming nitric and fuming sulphuric acids. Slowly warm the ~ 

_ flask, and, after the initial vigorous reaction has subsided, add small amounts of concentrated 
Be - nitric acid, and heat the flask until the solution is clear. Continue to heat until fumes of sul- 
a trioxide are evolved, cool, carefully dilute with distilled water, and re-heat until fumes 
= sulpliur trioxide are evolved to remove all traces of nitric acid. Cool, and dilute with =o 
distilled water to 250 ml in a calibrated flask. Take a suitable aliquot of the solution, and of 
continue as described for preparing the calibration graphs§ 4 


ax at «8 _ 


OS Note that an alternative procedure can be used for organo-tin compounds that are 

- _ soluble i in a suitable solvent. The sample is heated under reflux with the solvent for 5 hours 

= - a Soxhlet extractor, and, after the solvent has been evaporated, the residue is oxidised 
= 


in the normal way. This procedure has the advantages that the organo-tin compound is a p 
_ Separated from interfering metals and that it is not necessary to oxidise the entire sample; Paes 
it is limited only by the availability of a suitable solvent. “(The amounts of tin found in , 
cotton and flax that had been treated with tri(m-butyl)tin oxide were the sam e by both - ai 
procedures ; acetone tone was used as ‘solvent i in the alternative method. 
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§ from Table I that the error in the determination of 0-21 mg of tin is relatively large; this is 


| : — per cent.) is considered to be excellent for an amount of tin as small as 0-05 mg. — a 7 


1060) RUSSELL: THE DETERMINATION OF SMALL “AMOUNTS OF 


calibration graph i is not for amounts of tin greater 1-5 mg. It can be seen 


_ because the intensity of the colour developed is low and instrumental measurement is hence 


more uncertain. When a final volume of 40 ml was used the accuracy attained (to within ve 4 


In Table II the amounts of tin found by the proposed method in two organo-tin com- at 
are compared with those found as stannic oxide, and with 
__-‘The' desired Soe of accuracy could be attained by carrying out duplicate determina-_ 
; ‘teal tis considered that the proposed method is more rapid and more precise than other 


RECOVERY OF METALLIC TIN BY 
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opt 


0-201 


miter 8 Determined by using one-fifth of the normal amounts of f reagents an and diluting rsd Yroeab 


COMPARISON OF F RESULTS BY COLORIMETRIC AND GRAVIMETRIC METHODS _ 


of pure roposed gravimetric 


methods for determining similar amounts of tin; three determinations i = duplicate can be ae 
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I Messrs. A. B. Cox and W. R. Hindson. 
Ets _ This paper is published by permission of the Chief Scientist, eeedinn Defence Scientific. : 
of Supply, Melbourne, Australia. | 


van der Kerk, G. J. M., and Luijten, oe eS Appi. Chem., 1954, 4, 301. 
Arnold, M. H. M., and ‘Clarke, J. Oil Col. Chem. Ass., 1956, 39, 900. 
Stecker, H. C., Tin and Its Uses, 1957, 
wt ‘Baker, I., Miller, and Gibbs, R. S., Ind. Eng. Ed., 1944, 16, 200, 
Strickland, D. H., J. Amer. Chem. ‘Soc., 1952, 
‘Volk, R. W Weintraub, R. L., Anal. Chem., 1958, 30, 1011. 
Sandell, E. B., “Colorimetric Determination of Traces of Metals,” Second mation; “Interscience 
Publishers Inc., New York and London, p. 42. Th ant 
9% Kocheshkov, K. A., Ber., 1928, 61, 1659. bo 
Simultaneous Spectrophotometric Determination 
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Copper and Nickel i in Low-alloy Steels 


By M. FREEGARDE AND Miss B. JONES 
Nat Ordnance Inspection Establishment, Janson on 
Eee llontion of copper and nickel, both present to the extent of 1 per cent. or 


in low-alloy steels. The colorimetric reagents used are biscyclohexanone- 
ie oa for copper and disodium ethyibis(5-tetrazolylazo)acetate = 


he 
the e alloy has been dissolved, the solution is buffered and solutions 


the two reagents are added. The optical density of the resulting solution fea 
measured at two wavelengths and the amounts of copper and nickel 


-present are determined by reference to a calibration graph. Several British + th thy 
; Chemical Standard alloys have been analysed by this procedure; the results 
st show a coefficient of variation « of of approximately 2 per cent. siickig 


Te purpose 2 of the work described was to develop a a simple procedure | for | determining copper copper — 
a nickel, both present in amounts of the order of 1 per cent. or less, in low-alloy steels by 
making spectrophotometric measurements on a single solution at two wavelengths. With the 
aim of increasing the efficiency of the analysis of such alloys, similar procedures have been | 
- described for chromium and manganese! and for molybdenum, titanium and vanadium.? — 
_ It is preferable in such analyses to allow one reagent to react with both or all of the 
SS being determined, and on these lines procedures have been developed in which 4 
acid,? its derivatives* and related compounds® were used for the simultaneous 
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The inherent disadvantages of these reagents are (a) poor selectivity, (b) the necessary presence 
dispersing agents and (c) the fact that the absorption curves of the respective metal 
overlap considerably; the last-named disadvantage inevitably leads to poor 
ch was therefore extended to include individual reagents for 
ae ification that the wavelengths of peak absorption of the coloured 
parated and the corresponding background absorptions were low. ff 
a nsidered as a reagent for nickel, since it can be rendered selective [J ¢ 
ime, does not require the presence of oxidising agents. However, 
hat dispersing agents are required, and interference from ferric iron 
nised only by using citric acid as a masking agent. 


IN O COPPER AND NICKEL IN ‘LOW-ALLOY ‘STEELS. 
second reagent t for. nickel i is disodium ethylbis(5-t. tetrazolylazo)acetate. This 1 
3 reacts with cobalt, which does not interfere, and with copper. The colour formed with © 
copper has an absorption peak at a wavelength close to that of the colour formed with nickel, — E + 
interference from copper must be overcome. = | 
oe Of the reagents in current use we copper, two are highly specific; these are 2: :9-dimethyl-— es — 
based on the use of the former have invariably incorporated a solvent extraction of the copper . ee 
complex, although this complex is soluble in water and has been used without extraction in # 
_ many determinations. The latter reagent has been used successfully for the direct deter- 
i. _ mination of copper in steels," and, since it is much more sensitive than neocuproine, its use — aa 


Solutions containing biscyclohexanoneoxalyldihydrazone and copper, with 
il nioxime or disodium ethylbis(5-tetrazolylazo)acetate, were used in a series of preliminary 
tests to determine the compatibilities of the various coloured complexes. These tests showed — 
_ that the blue colour of the copper complex faded rapidly in presence of the nickel - nioxime 
complex, but not in presence of any of the individual reagents. Further work, therefore, — 
centred on the use of disodium ethylbis(5- -tetrazolylazo)acetate. Measurements for the 
complex. formed by nickel with this reagent were made at 510 my and those for the copper - 
. _ biseyclohexanoneoxalyldihydrazone complex at 600 my, at which wavelengths the reciprocal _ 
_ absorptions were low. The stability constants of the copper complexes with disodium 
__ethylbis(5- tetrazolylazo)acetate and biscyclohexanoneoxalyldihydrazone are such that 
formation of the latter prevents formation of the former when a solution of disodium ethyl- 


3 
ve 


— 


H 
Effect of ‘pH on colour formation in 
containing 100 pg of metal per 100 ml: 
curve A, nickel-disodium ethylbis(5-tetr-— 
8 azolylazo)acetate complex measured at 510 my; 
variations in with pH: ‘the ‘copper - 
hydrazone and the nickel - disodium ethylbis(5- ‘tetrazolylazo)acetate complexes were separately 
determined in solutions buffered by adding ammonia solution and citric acid (see Fig. 1), and it ss) 


was apparent that the pH range 7-8 to 8-3 was suitable for simultaneous colour formation. The — 
adherence to Beer’s law of solutions of the two complexes was separately confirmed i in the 
viz., to each metal in a volume of 100 
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SIMULTANEOUS SPECTROPHOTOMETRIC 84 


"measuring the densities of solutions: containing either copper and | 
_oxalyldihydrazone or nickel and disodium ethylbis(5-tetrazolylazo)acetate and the various 
a other metals in the pH range 7-8 to 8-3. However, at a concentration of 9-5 mg per 100 m! — 7 


of final solution, ferric iron had a slight effect, the measured optical densities at 510 and 
ce 600 my being increased by additional absorption from the iron to the extent that the values — 


_ for copper and nickel in a sample containing 95 per cent. of iron, for which allowance was not f 
- made, would be 0-01 and 0-04 per cent. high, respectively. The necessity for making measure- a 

ie ‘ments against ; a blank solution containing 9-5 mg of iron per 100 ml was therefore apparent i 
although the error incurred for steels having is a few cent. abov ye or below 
_ this value would clearly be insignificant. 


node series of solutions covering the range 0 to 1 per ‘cent. of both copper and nickel was 
- prepared from solutions of the two metals. The values used corresponded to 0-0, 0-25, 0- 50, 7 ia 
a -75 and 1-00 per cent. of each metal and combinations thereof, a total of twenty- -five solutions. . oo 
Er Each solution contained 9-5 mg of pure iron dissolved in 10 ml of 25 per cent. v/v sulphuric — 
acid, to which 10 ml of 40-volume hydrogen peroxide were added. The solutions were then — 
boiled to remove the excess of hydrogen peroxide and each was diluted to 200 ml. — To ae 


_ a 10-ml portion of each of these solutions were added 5 ml of an approximately 20 per cent. 5 9 
w/v solution of ammonium citrate adjusted to pH 10-0 + 0-1 by adding ammonia solution, ie 
2 ml of a 0- ‘1 ry cent. w/v solution of biscyclohexanoneoxalyldihydrazone i in ethanol - water ie 
mixture (1 + 1) and 5 ml of a 0-002 M aqueous solution of disodium ethylbis(5-tetrazolyl-_ iii 
_ azo)acetate. All solutions were diluted to 100ml, their pH values than being between — = 
7-9 and 8-2, and the optical densities, relative to the solution containing no nickel or copper, BE - 
were measured at 510 and 600 my in l-cm cells with a Unicam SP600 spectrophotometer. 

_ (Slit-width tolerances cannot be quoted, as the instrument used was without means of indi- > 
cation.) The optical densities for each solution were then plotted on a graph, the axes of * 
_ which il in terms of the two optical densities, and the net of parallel lines was oa as Se 
shown i in Fig. 2. From this net were deduced the equations— all 

_ Copper concentration, °% = 4:29 Degg — 0-44 _ pro 
: 
a 
02 0-3 0-4 0: 


Dissolve 0-20 g of sample in a 
hydrogen 


© 


Details previously published’»!® indicated td mice 110 
° 10-n 
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- Boil to evolve excess of hydrogen peroxide, cool, and. 


PPER AND NICKEL IN LOW-ALLOY STEELS aes 

any insoluble filtration through a Whatman No. 40 filter-paper. 
the filter-paper thoroughly, add the washings to the filtrate, and dilute to 200 ml. 
10- -ml portion ‘of this solution add 5 ml of an approximately 20 per cent. w/v solidticin of ‘ie 
ammonium citrate (adjusted to pH 10-0 + 0-1 by adding ammonia solution), 2mlofaQ-lper 
cent. w/v solution of biscyclohexanoneoxalyldihydrazone in 50 per cent. v/v ethanol and 
_ then 5 ml of a 0-002 M aqueous solution of disodium ethylbis(5- tetrazolylazo)acetate. _ Dilute | 
to 100 ml, and measure the optical densities of this solution against a blank solution similarly © 

_ prepared from 0-190 g of pure iron at 510 and 600 my in 1-cm cells with a suitable spectro- FS 
| = Determine the percentages of copper and nickel in by reference 


ay 


BY THE PROPOSED METHOD FOR LOW-ALLOY 
“28, 0-23, 0-23, 0-575, 0-57, 
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No. 258 .. 

suitable samples of low- from the British Chemical were 


_ analysed by the proposed procedure; the results are shown in Table I. Accuracy and pre- 


-83, 

0-052, 0-052, 0-054, 

0-050, 0-050, 0-052, 
050, 0-054, 
0, 0500 


ie ro 


cision are good, the general level for the coefficient of variation being 2 per cent. The — 
procedure i is simple, and a single = can be analysed in 20 minutes, 
is paper is published b rmission of the Admiralt ‘4 
vlbg 1 , Analyst, 1958, 83, 106. ha of! at 
_ Jacobs, W. D., and Yoe, J. H., Anal. Chim. Acta, 1959, 20, ‘332. 
5. Chilton, J. M., Anal. Chem., 1953, 25,1274. 
6 Johnson, W. =. Editor, “Organic Reagents | for Metals and Other Reagent Monographs,” ni 
_ ” Edition, Hopkin and Williams Ltd., Chadwell Heath, Essex, 1955, Volume I, p. 112. 
vite _ Jonassen, H. B., Chamblin, V. C., Wagner, L. L., jun., and Henry, R. A., Anal. Chem.. 


"Smith, G. F., and McCurdy, W. jun., Ibid., 1952, 24, 371. 


9. Fulton, J. W., and Hastings, J., Ibid., 1956, 28, 174. si 
Johnson, W. Editor, op. cit., p. 31. ws 

ih L, J. A., and Sutcliffe, P., Analyst, 1 1956, 651. 
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(Glasgow University Mechanical Engineoring Research Annexe, 49 Spencer Street, Glasgow, W.3). 
2 of dissolved oxygen in the range 0: 0 to 0-050 p.p.m. 
a - = is ; described. The apparatus used incorporates certain novel features, includ- a 
ing an arrangement that allows the reagents used in the experiments to be pare 
rendered oxygen-free before the determination is made. = 
_ standardisation of the apparatus in the absence of reducing agents 
The mean of the differences between the oxygen added and the oxygen an 
ane found is nil and the standard deviation of these differences is 0-0018 p.p.m. i 
ih recent years the increased use of high pressures and temperatures and the associated — 
B high ratings of boiler heat-transfer surfaces have led to ) renewed attention being directed to 
ae - the dissolved-oxygen content of boiler-feed water, as the presence of dissolved oxygen under 
these conditions greatly increases the risk of corrosion. 
is customary in boiler-house practice to chemical 
methods, although reliable and sensitive physical methods are now coming into use. Most 
of the chemical methods used are basically modifications of Winkler’s technique? and permit 
a = oxygen contents below 0-050 p.p.m. to be accurately determined. These modifica- 


tions include preparation of a blank to allow for the presence of reducing agents, corrections 
= dissolved oxygen introduced with the reagents and the development of precise techniques | 


Little difficulty is experienced in accurately determining dissolved oxygen in pure water J 
+ by these methods. However, oxygen scavengers, , such as sodium sulphite or hydrazine, are f- 
-—ffequenty added to high-pressure boiler feed water, and in the presence . of these reducing 

agents the reliability of the usual chemical technique is doubtful. Because of this situation, — 
a work began in this laboratory late in 1954 with the object of establishing the relative merits _ 
_ of the various analytical methods in common use. To a certain extent this work has been i" 
found to parallel that recently reported by Potter® and his associates. 
__The apparatus described here permits oxygen-free water to be obtained, and, by: injecting. 3 
“small amounts of air-saturated water, samples of water having a known dissolved- oxygen 
a a content in the required range can be prepared. — A comparison between the oxygen measured 
th a particular method and the true oxygen content gives a measure of the reliability - 
4 method. To assess the accuracy attainable with the apparatus, work began on a 
_ determination of dissolved oxygen in pure water, 1.e., , distilled water that had been passed = 
- Stems an analytical-reagent grade mixed-bed resin. The method recommended by the — 
_. American eitied for res Materials® was selected as the basis for this initial standardisation. 


pe tn hs normal A. S.T. M. procedure the sam sampling ‘vessels are flushed cn times with the 
test solution to obtain a correct sample. This would entail the de-aeration of at least 10 litres 
of water by boiling and passing nitrogen through it. As it was not desired to have a con- 
es tinuous supply of hot de- mineralised water, a considerable time would have been necessary 
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sing 
to 
the 
Ps wy 
3 
4 
n 
4 
4 3. a to introduce the reagents through a double oblique-bore three-way tap. However, it was" i 
eeu found that the reaction between the sulphuric acid and the alkaline iodide solution in the a 
Fs See mare of the tap produced free iodine, but the replacement uf sulphuric acid by phosphoric } 3 
d seemed to overcome this. Potter discussed the question of sampling tubes and recom- 
eis, 5 nded the use of a tube in which the reagent entry was completely washed out after each o§ 
lition. Other workers®.* have used the submerged-bottle technique to add the reagents. 
ee | == _In view of these factors, it was decided to design an apparatus in which the reagents a. 
Pet oe could be added through separate eritries, thereby avoiding the possibility of reactions between | 
concentrated reagents. It was also decided that only (2 litres of water should be used in a 


AMOUNTS OF DISSOLVED OXYGEN IN ‘WATER 


single determination ‘that 500- ml samples should be taken. apparatus is shown 

diagrammatically i in Fig. 1; a glass float allows the volume of solution in the reaction vessel ==> 

to be increased when the reagents are run in, but, because of the small clearance, minimises ee ; 
the possible diffusion of onsen from the solution being tested to the nitrogen above it. The 


— ~«<— Nitrogen 


Reagent tubes,} | id 


__ The final consideration in the design of the apparatus was to carry out all the operations, 

‘a de- aeration of water and reagents, transfer of water to reaction vessel and addition of air-— 
= water and reagents, by manipulation of stopcocks, without 1 the need to move — 
of the apparatus from one position to another. ij Bi 

ie apparatus consists essentially of a round- bottomed 2-litre flask, used for de- aeration, 
a cylindrical reaction vessel, to which the water is transferred after de-aeration. Attached 

to the reaction vessel are side-limbs having an internal diameter of 1mm. A syringe . 

connected to one of these side-limbs, through which an appropriate amount of air-saturated 

water can be injected to give the desired dissolved oxygen content. Reagent tubes are 
- ited to the other side-limbs, so that, after dissolved oxygen has been removed by bubbling 

nitrogen through them, the reagents can be introduced into the reaction vessel through 
different tubes. The reaction vessel contains the stirring-bar of a magnetic stirrer. 

_ _ The disposition of the reagent tubes is not truly represented in Fig. 1, the main ieee: 
os being in the location of the reagent tubes and their allied connecting tubes. These 1 mm 
connecting tubes have similar dimensions and are located so that each reagent tube is about — 
1} inches from the reaction vessel; tap 6 is about 1 inch from the reaction vessel. 

the connecting tubes are placed at right angles to one another and about 5 inches from the - 

bottom of the reaction vessel. The remaining tube and tap 6 are placed 2} inches from the 
_ bottom of the vessel, at right angles to one another, and off-set from the upper level of - 
connecting tubes. A small thermometer is placed inside the tube connecting the cooler to ae 
ae the reaction vessel. When the apparatus is assembled, the glass ends are butted and = 

poly(vinyl chloride) or vacuum-type rubber used to cover the joins. 
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ae No. 3 wren wr disc inserted at the bottom of a toes aspirator bottle full of water. 
‘This water is continually stirred at 20 r.p.m. by a mercury-sealed stirrer. 
_ Ancillary equipment used in the experiments includes a variable-speed magnetic stirrer, 


- ‘a potentiometric- titration assembly and an ion-exchange column filled with an analytical- } 3 Det 
-‘Teagent grade mixed-b bed last-named to mineralise all water usd 
Before the initial determination, nitrogen en was. for 24 hours to ‘obtain an inert 

‘The 2-litre flask was filled with de-mineralised water and then heated while ie a 
owed through it. The remainder of the apparatus was isolated by means of tap 1 and _ a 
evacuated by a water-jet pump; during the evacuation, the reagents were introduced in turn — | the 
_ through the waste limbs of taps 7. The vacuum pump was then isolated and nitrogen was ; = 
i 7 allowed to fill the apparatus. This evacuation and filling with nitrogen was performed three = 
\- times. By suitable adjustment of taps 7, 8 and 9, nitrogen was passed through the reagents, é < 0-08 
nai “to displace dissolved oxygen, and simultaneously through the reaction vessel. This procedure | wou 
: de-aerated the reagents in a two-fold manner; when the reagents emerge from the capillary free 
_ tubes into the reagent side- necks, which are under reduced pressure, there is a considerable ~ as a 
release of dissolved gases, and it was found that the subsequent passage of nitrogen — ‘ a 


the reagents for 15 minutes was sufficient to reduce their oxygen content to a value lower — 
a oo than that detectable by the method used. _ After nitrogen had been passed for 15 minutes, " the 


: and the 2-litre flask until the water in the latter had been boiling for 15 minutes with nitrogen "7 
passing. The heating was then discontinued. 
ae Concurrent with the operations just described, air-saturated water was led from the a 

— of the 15-litre bottle and diverted into three tubes, the rate of flow through each fF cau 
@ tube being the same. Two of these tubes were led to the bottoms of 100-ml calibrated flasks ff tea 
a the third was attached to tap 6. The flasks were placed in gas jars and the jarsina f i sou 
large receptable. — Air-saturated water was allowed to fill the flasks at least six times and at - ino 
the-same time to flow through the glass syringe via tap 6. Tap 6 was turned until approxi- jf thi 

_ mately 3 ml of water had flowed into the reaction vessel and was then again turned to permit (0 


the air-saturated water to flow through the syringe. The water flow was then terminated, — 


ath _ Stoppers were placed in the flasks and the plunger of the syringe was inserted. In this way, 
wit a uniform sample of water having a dissolved oxygen content corresponding to that contained 


in the syringe was obtained. In addition, the bore of tap 6 and the ‘capillary connection to . 1 “aft 
= the reaction vessel were also filled with this water, § een 
4 The surplus air-saturated water at the bottom of the reaction vessel was blown out ust 
through tap 5 by nitrogen, care being taken that nitrogen continued to bubble through the - inv 

gas traps of taps 9 and 2. Some de-aerated water was then allowed to flow through the ab 
cooling coil into the reaction vessel, subsequently being blown out via tap 5. Thisoperation 
es was carried out three times and freed the reaction vessel of the last traces of air-saturated Ff 
i oie water. By adjusting the flow rate through the cooling coil, 500 ml of de-aerated water, at | hve 


ae a _ 20° C, were transferred to the reaction vessel. The reagent levels were adjusted to the zero 
ee marks under nitrogen by altering taps 7 and 8 and allowing the excess of each reagent to 3 3 
bat i. flow to waste; the level of water in the syringe was similarly adjusted to the zero mark. 4 


During all these operations, a continuous flow of nitrogen was maintained through tap 2. 


is a _ The magnetic stirrer was switched on and the appropriate amount of air-saturated water _ | 
Was injected. _ At 3-minute intervals, a 2-ml portion of each reagent was allowed to flow in 

; ‘i under nitrogen pressure, , and care was taken to add the sulphuric acid slowly to obviate the 
a of releasing iodine from the potassium iodide solution. The order in which reagent 
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e.. cle nitrogen (oxygen-free grade) is freed from the last traces of oxygen by passing it Pri t 
through two gas-washing bottles containing 0-1 M vanadous sulphate,’ a wash bottle contain. § 
and 
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The solution was run out through tap 5 and the iodine:¥ was determined by 


| potentiometric titration. . To permit the end-point to be determined in the way described — 
ie by Hostetter and Roberts, * small equal amounts of sodium thiosulphate solution were added 
above the solution after each addition, stirring was continuous and the solution was kept 
under nitrogen. was n during stirring that no vortex was formed. 
0 increase and force the reagents in the capillaries back into the reagent tubes. A 500- “ml af 
were introduced in the order potassium hydroxide - potassium iodide - iodine, sulphuric acid 
-* manganese sulphate. The precautions to exclude air were not considered eee ae: ‘ 


é and the e.m.f. was read after each addition. During the titration, the burette tip was raised 
t — By suitable adjustment of the appropriate icin the 1 nitrogen pressure was allowed 
_ portion of de-aerated water was transferred to the reaction vessel, and the reagent solutions — 
both water and reagents were pure. The iodine was titrated as before. — 


4 and blank just described. 
Seale iodide reagent was, however, increased, as a visual end- pare al not have ‘da 
obtained when starch solution was used, the iodine - iodide concentration used in the 0-0 o 

- 0-050 p.p.m. range being below that needed to produce the blue complex with starch. This 

“ie have affected the blank value, as the iodine determined is the algebraic sum of the _ 
free iodine added and the effect of interfering ions. Reagents were added by means of l-ml — 
- pipettes while the flasks were submerged in the gas jars, and, after each addition, the S| 

_ were taken out and shaken. The solutions were titrated with 0-1 N sodium thiosulphate a 

_ and the end-point was obtained by using starch solution. Before this procedure was adopted, — : 

. inherent errors were calculated and found to give 1 rise to an eligeeaeetegy error in the 


3 In the initial ‘experiments a an occasional release of iodine was observed, ements be 
caused by local heat generated during neutralisation by the sulphuric acid. The recommended — 


_ reagent concentrations*® were diluted (1 + 4) with water and no further error from this — 
Experience showed that, for oxygen contents from 0-012 to 0-060 p p-p. m., 0-005 N sodium coe 

was suitable for titrating the liberated iodine; for lower oxygen contents, 
0-002 N sodium thiosulphate was suitable 
re a Discrepancies up to 0-006 p.p.m. have occasionally been observed and are attributed © 
; to poisoning of the platinum electrode used in the potentiometric titration. It is possible a ie 
to observe when the platinum electrode is failing by taking continuous readings of the e.m. < <i ned 


after an increment has been added just before the end-point. A rapid drift to a higher | am 


em.f. is observed, which is markedly different from the normal experience; this variation = 
—.- occurs after about 30 titrations. The causes of this behaviour are at present being — 
- investigated and, pending the outcome, a new platinum-foil electrode is prepared when 


0 7 _ The vabelhs ta in Table , I show that the mean of the differences ‘between the oxygen added 
> and the oxygen measured is nil and the standard deviation of these differences is 0- 0018 p-p.m., 
<. § which compares favourably with the specification* of a precision of 0-002 p.p.m. and an 
> of 0-003 p-m. or 1 per cent., whichever is the greater. This is in accordance 


As results were peimarily ‘intended to be. within 0- 003 p.p.m. of the true value, it was 


Teagents could be neglected. The amount of residual oxvgen can be deteenhined by making 
_ Many measurements at “zero” oxygen concentration mes is ee similar to that found 
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a r= need to apply a correction of up to 0-010 p.p.m for this oxygen. This correction must be | 
4 suspect when less than 0-010 p.p.m. of dissolved oxygen is being determiined, as it is affected a6 
_ by temperature and pressure; further, it is unsatisfactory to make a correction of the same nay 
order as the amount being measured. 
“io The apparatus is considered to be suitable for the investigation of methods of deter- Te 


‘ tar. mining dissolved oxygen, as, irrespective of the method used and the conditions under which B 


+The proposed apparatus frees the reagents from dissolved | oxygen so the | = 


\ a ‘the reaction takes place, each result can be independently checked, as it is obtained, bycom- f a 
ggiee ae the oxygen measured with that injected. This makes it virtually impossible toreach J 


= 
results appear to justify the various novel features incorporated i in the 
y 4 In particular, it would appear possible to obtain accurate results with this apparatus, — 
although the preparing a sample and a blank is not f 
ss Fesults. _ This would be expected when only de-mineralised water was used, as the blank is 
= affected not by the oxygen content of the solution but only by interfering substances, none 4 
an & which should be present in such experiments. Also, the method used to collect the blank tl 
: = he __ It should be noted that the apparatus is primarily intended for laboratory investigation — 
a of methods for determining dissolved oxygen, but, with modifications, it could conceivably — : 
_ used for the analysis of boiler-feed water. 
2. -* In order to obtain results in the presence of reducing agents, the proposed procedure 
: es has been modified and the blank determined under a nitrogen atmosphere throughout. — It 
_— bask acknowledge the help received during this work from Dr. C. D. Weir, formerly of this 
arnd thank J. Small and Mr. W. W. Mackie, of the Mechanical Engineer- 
FF ea ing Department, for their kind interest throughout. I also thank the Faculty of Engineering — 
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The Determination of Traces of Rare Earths in 


| By D. F. WOOD M. TURNER Blom 
Department, Imperial Chemical Industries Ltd., Metals Division, Kynoch Works, 


procedure is described for determining rare earths in zirconium and 
ts alloys; it is based on solution of the sample in hydrofluoric acid, addition ee 


of yttrium and ytterbium, precipitation of yttrium and rare-earth fluorides, 
508 purification of the precipitate by chemical procedures and spectrographic 
a evaluation of each individual rare earth in the final oxide residue. . Yttrium fis 3 = 
is added as a carrier and is also used as an internal standard in the final 


a : stages of the procedure. -Ytterbium i is added as a “control” on the recovery 
The limit of detection for each specified rare earth varies” 


~— 0-02 p.p.m. for ytterbium and about 0-5 p.p.m. for cerium. It is estimated 
5 at _ that the lower limit of determination for the total rare earths i is about 3 p.p.m. nahh 

The time taken for a single determination, which te allthe rare 
BECAUSE of the relatively high thermal neutron absorption cross-section of the rare-earth _ % 
group of elements, only trace amounts can be tolerated in zirconium-base materials used in — 
thermal reactors. Specifications for reactor-grade zirconium limit the 
total rare earths to 15 p.p.m., and this necessitated the provision of a reliable analytical — 
+ oy: “i Analytical procedures based on -spectrographic examination of mixed rare-earth oxides, 
| after a preliminary concentration and purification, are among the most sensitive and accurate — 
methods for determining extremely small amounts of rare earths. Such a procedure has a 
| been described by Hettel and Fassel for the determination of fractional parts per million — 1 
of several rare earths in reactor-grade zirconium” 
| In Hettel and Fassel’s procedure the sample is dissolved in hydrofluoric acid and the 
} solution is passed through a cation-exchange column. This separates zirconium, as the _ 
fluorozirconate anion, from yttrium (added as a carrier), rare earths and other cations, which bia 
are retained on the column and subsequently eluted and purified by a series of chemical 4 
procedures. Gadolinium, terbium, holmium, dysprosium and samarium are determined tg ait 
spectrographically in the final oxide ss chard 
_ This procedure takes about 4 days, and a quicker and more rereager fon for control 
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this paper is described the development of such a procedure, in which ammoniun § 


fluoride is added to increase the fluoride ion concentration so that the solubility products — 


< 


the 
a wie DEVELOPMENT OF SPECTROGRAPHIC PROCEDURE FOR DETERMINING RARE EARTHS IN YTTRIUM 


a. spectrographic procedure for determining rare earths in zirconium. This part of the develop- i = 

fie ‘g ment work, based on precipitation of rare-earth fluorides with an yttrium carrier, is described Z <a 
The subsequent spectrographic procedure was therefore reduced to 
concentration of rare earths in what would be essentially an yttrium matrix. 
Several methods are available for the spectrographic examination of oxide samples, 
¢g., high-current d. c. arc,? conducting briquette* and oxide - resin methods,‘ but, although J 
__ _Hettel and Fassel used the d. c.-arc method, the oxide - resin method was preferred because fF 
eof we had experience of this method in other determinations. In the oxide - resin method the 7 . 

; Ae finely powdered oxide is mixed with 1 drop of a thermo-setting resin on the end of a pure = . a 
a graphite rod. After the resin has been cured a powerful discontinuous condenser discharge — _ 
Be is passed between this rod and a graphite counter-electrode, and the resulting spectrum is f _ 
ss Several factors were investigated in order to establish optimum conditions for the deter- re 


ri mination of rare-earth oxides in yttrium oxide. The maximum amount of oxide that could ; aa 
4 


be readily examined with }-inch diameter graphite rods was found to be 5mg. No increase ie iad 
__ in sensitivity was obtained by using a larger diameter graphite rod, as only the centre portion, es 
about }-inch diameter, was sampled by the discharge. 
; Bakelite Damarda brand resin was suitable and a minimum amount of it was used so | rs 


a solid compact layer was formed after curing. A temperature of 130°C anda curing 
of 1 hour gave samples of a consistent form. 
2 _ In order to produce a sufficiently dense spectrum, a high-energy condenser discharge -_ 
is necessary. Satisfactory spectra were obtained from a B.N.F. “General Purpose Source J . 


Unit,” with parameters of 250 pF, 10 ohms and 0-06 mH, the sample used as the negative 4 
— and a gap length of 4mm. Exposure periods of 30 seconds with the Hilger large- 4 
_ quartz spectrograph provided spectra of adequate density, and because moving-plate exposures = § 
_ showed practically uniform emission characteristics during the first 30 seconds of the discharge,.. S 

__ Reference to Tables of spectrum lines showed that the majority of the sensitive lines fF —, 
§ of rare earths lay in the region 2750 to 4700 A, and all subsequent exposures were made with - 
spectrograph set to this wavelength range, 
__ With a view to determining the most sensitive lines for and at 


: ie 7 time obtaining an indication of the limits of detection, a series of samples was prepared, each 
aes comprising a mixture of an individual rare-earth and yttrium oxides. The concentrations — 
ee were equivalent to 1-0 and 10 p.p.m. of rare earth in zirconium, based on the recovery from 


a 20-g sample of zirconium, in the presence of 20 mg of yttrium oxide carrier. The three F | 
re _ Most sensitive lines of each rare earth, free from interference by lines of other rare earths, F 
are listed in Table IV. In all instances the limit of detection was less than 1 p.p.m., and as 


further standards were therefore prepared covering the range 0-1 to 2 p.p.m. of each rare 
¥ _ earth (based on a 20-g sample and 20 mg of yttrium oxide). Spectra obtained from these 
____ Standard samples were kept for use as standard comparison spectra for future determinations ] 
ofrareearths. The limits of detection established were 0-5 p.p.m. for La, Sm, Pr, Nd and Ce f 
less than 0-1 p.p.m. for Tm, Yb, Er, Eu, Tb, Gd, Dy, Ho and Lu. 
__ _The use of internal-comparison line pairs was considered, but was found to be imprac- | 
ae ticable for a wide concentration range owing to a lack of suitable yttrium lines. It was | SEE 


_ possible, however, to compile some equality line pairs for use in determining small amounts J 


core be rare earths near to the limit of their detection (see Table IV). Use of these equalities 
o ie. ‘reducing the time spent in interprteting spectra when a very small amount of an individual 
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— solution was to dryness. The reside was then by of yttrium 
rare earths, first as fluorides then as oxalates (as described later). _ The recovered 
then ignited to oxides and the residue was examined spectrographically, as deseribed 
a ___ The procedure was repeated with the addition of ‘the equivalent of 0-4 p.p.m. of ytterbium onl 
an and 20 mg of the yttrium carrier. The amount of ytterbium recovered was equivalent to B con 
oy ae 0-3 p.p.m. and in repeat tests recoveries of 0-3 and 0-4 p.p.m. were obtained. In each instance ¢ plat 
ec re F the weight of the final residue was about 15mg. These preliminary tests showed that an %. 

acceptable recovery of added ytterbium had ‘been achieved and indicated that similar 
The procedure was then applied to solutions containing a 20-¢ sample of commercially 
ss pure zirconium, Zircaloy 2 or zirconium - copper - molybdenum alloy, with rare earth addi- BF 10. 
oy tee and satisfactory results were obtained (see Table II). These results also indicate that BF 
a4 the total rare-earth content of the material examined is well below the specification limit ‘ 
p.p.m.) for these materials. The time for a complete determination was 1} to2days. 
= Yttrium Dissolve 2 g of Specpure yttrium oxide. in about 50 ml of | 


Standard rare-earth solutions—Prepare from rare-earth oxides of ‘purity greater than 
Le “ 99-8 per cent. (except europium—purity 95 per cent.). Dissolve, separately, the amounts { ane 
Bere of rare-earth oxides (except CeO,) listed in Table III in about 5 ml of hydrochloric acid, dis: 


___- sp.gr. 1-18, and dilute each solution to 250 ml. Fuse the CeO, with 2 g of potassium hydrogen unt 
=a 2 sulphate in a small platinum dish, extract the cold me melt. with about 251 ml nl of ome hydrochloric  biu 

EIGHT OF RARE-EARTH OXIDE REQUIRED FOR STANDARD SOLUTION 


Dilute 25 ml of each solution to 250 ml: 1 ml then n contains of 0-2 p. m. | sol 


PREPARATION OF STANDARD SPECTRA— t 
Place 0:5, 1-0, 2-0, 4-0, 7-0 and 10-0-ml each standard rare- earth solution | 
2 separate beakers, and add to each 10 ml of the yttrium carrier solution. Proceed es 


Heat to boiling, add 5 ml of ammonium ‘hydroxide, sp.gr. 0-925, and set aside 
a ae for 15 minutes at 90°C. Cool, filter through a 9-cm Whatman No. 541 filter-paper, [ N 
a and wash the precipitate with dilute ammonium hydroxide (1+ 49). Transfer paper | 
ee sage and - precipitate to a silica crucible, dry, char, etc., with the usual precautions, and } a 
a Sit finally heat at 800° C for 15 minutes. — Cool, transfer the residue to an agate mortar, | He 
and grind. (This entire procedure is necessary for the preparation of each standard f ; y 


Prepare finch lengths of }inch diameter graphite rods (Johnson and Matthey type 
+ Ee _JM4B) with shallow craters cut in one end. Weigh 5 mg of the residue, place 1 drop of | re 
= _ Damarda —_ resin | (Bakelite Ltd.) in the crater on the end of a rod, and transfer the residue | are 


A 
— 


RARE | ARTHS IN ZIRCONIUM. AND ITS ALLOYS 


electrodes, supported in ‘in Tufnol blocks, with ¥,-inch holes drilled in them, may be cured 


Expose the electrodes spectrographically under the conditions described below; it is 


convenient to expose each set of standards in order of concentration, a a seperate 
plate being used for each rare earthe : 


- Develop the plate for 2 minutes at 20° + 05°C with Johnson’ s ‘Universol developer 
a - diluted (15 + 85). Rinse, fix, thoroughly wash, and then dry in a dust- a atmosphere. 


ROCEDURE FOR SEPARATING AND PURIFYING RARE EARTHS— 


vi oA blank determination is usually unnecessary. 
in | " _ Transfer a 20-g sample of zirconium to a 500-ml polythene beaker, add 350 al of water 
ts { and then 55 ml of 40 per cent. hydrofluoric acid, in 5-ml portions. When the sample has — 
d, | { dissolved, add 2-5 ml of nitric acid, sp.gr. 1-42, and place the beaker in a boiling-water bath | 
on ; until the solution is clear. - Cool, and add 10 ml of yttrium carrier solution and 2 ml of ytter- 
ic 
7 Transfer the paper and precipitate to a small platinum dish, dry, char, and finally heat 
at 800° C for 15 minutes. Cool, add 5 ml of sulphuric acid, sp.gr. 1-84, and heat to dryness. 2 - 
om i ‘Digest the residue at about 90° C with 25 ml of 40 per cent. hydrofluoric acid for about | a. = 
; ” ‘15 minutes or until the residue is white. Cool, filter through a Whatman No. 540 filter-paper ;_ a 
7 4 use polythene apparatus, and wash the residue with dilute hydrofluoric acid (1 + 40). — 
_ | Transfer the paper to a small platinum dish, and ignite as described previously. = 8 8 8 = 
: 7 ry To the cold residue add 5 ml of sulphuric acid, sp.gr. 1-84, and evaporate to dryness. 
= is Dissolve the residue in 4 ml of hydrochloric acid, sp.gr. 1-18, dilute to about 25 ml, and transfer. - 
4 the solution to a 150-ml beaker. Dilute to about 100 ml, heat to boiling, and add a boiling | M 
mf : solution of 2g of oxalic acid dissolved i in about 25 ml of water. Set the test solution poner 
ith FOR SPECTROGRAPHIC EXAMINATION OF THE RESIDUE— 
Prepare duplicate electrodes, and excite them as described under “Excitation. 
™ & aos Evaluate the spectra by comparing intensities of the lines (see Table IV) in sample a At 
er, | Standard spectra, and determine the concentration of the various elements detected (see cor 
per = Note). Compare three lines for each element, and take the mean of the determined values _ 
ar % in order to minimise the effect of possible interference. — Use internal comparisons whenever 
- 4 possible, i.¢., establish an equality or near equality of intensity between rare-earth and nearby _ 
ied yttrium lines, in both sample and standard spectra. For this purpose, the ‘yttrium | lines 
shown in Table IV are satisfactory for concentrations shown, 
Norg—It is advisable to make a preliminary semi-quantitative examination of the ‘sample 
by reference to a spectrum of a specially prepared sample containing detectable amounts 
ae aq of each rare earth, Only elements that are positively identified as being present need then be deter- __ .! * 
recommended procedure based on precipitation and recovery of rare-earth fluorides 
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for ‘determining rare earths in commercially pure zirconium, ircaloy zirconium - Bot 

‘5 per cent. of copper - 0-5 per cent. of molybdenum alloy. six § 

OF LINES ‘USED IN THE DETERMINATION OF RARE 

4 


Samarium .. (1) 4280-8 4283-00 50 4277-5 4277-4 

wh b O40 39780 Zr 8977510 


6-5 


“39631 080 39780 Zr 39775 1: 4 

Lanthanum .. (1) 4383-7 3 4325-0 4 om det 


of given above no ‘interference from other elements, 
~ 


es. The lower limit of detection of the spectrographic procedure for individual rare ear‘hs 
_ ye. varies between 0-02 p.p.m. for ytterbium and 0-5 p. p-m. for cerium; the lower limit for to* al 
‘ae rare earths is about 3 p.p.m. If required, the sensitivity of the method can be increased 
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has shown not to exceed about 5 p-p-m., is well within a 


thank Mr. W. T. Elwell, Chief. Knslyst, 1c 1. M Metals Division, for helpful suggestions 
i- and guidance in the preparation of this paper and acknowledge assistance given by Messrs. — 
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‘Determination of the 


ermanganate e V alue for Waters 
‘and ‘Sewage e Effluents Containing Nitrite 


By P. V. R. SUBRAHMANYAM, C. A. SASTRY anp S.C. PILLAI 
(Department of Biochemistry, Indian Institute of Science, Bangalore, India) 


_ _The results of a comparative study of the efficiencies of urea and sul- pr 
7 


7 _ phamic acid in the destruction of nitrites added to distilled water and sea 
water, or present in sewage effluents, before the determination of perman- 
 ganate values are presented and discussed. Sulphamic acid is preferred for 
= reasons of efficiency, economy and suitability, phosphoric 


ONE of the earliest tests for assessing g the quality of sewage effluents and the pollution of | 


x "water was the determination of the oxygen absorbed from acidified potassium permanganate : 
“solution. | _ The development of this test in 1850, its continued use and its limitations have __ 
| been recently reviewed.!.2_ A point of considerable interest about the ‘permanganate value,’” 
apart from its determination being simple and fairly rapid, is that it provides a continuous 
basis for comparison with the results accumulated over many years. G. J. Fowler, in 
unpublished work, observed that for many domestic : sewages a 3-minute oxygen abiecrpiin 
of 3-6 p.p.m. indicated satisfactory purification and that for Manchester sewage, which 
; - ontaines much oxidisable industrial refuse, 7-1 p.p.m. might be accepted. The determination 
of the oxygen absorbed from permanganate in 3 minutes, i.e., practically instantaneously, 
gives ‘a means of differentiating between ‘Teadily | or easily oxidisable substances and more 
slowly or difficultly oxidisable substances, which are determined by the 4-hour test. 
Since soon after the adoption of the test, it has been known that the presence of nitrites 
+ the samples interferes with the determination of the permanganate value.* Quantitative 
determination of the nitrite and calculation of its effect on the permanganate demand, — 
_ the result being recorded as “permanganate value corrected for nitrite,’”’ is a somewhat tedious 
_ procedure, and it is preferable to destroy the nitrite. Jung and Otto tried to overcome the 
effect of nitrite by adding sodium azide, but found that an excess of azide affected the per- .. 
j Manganate demand; they recommended the addition of 50 mg of urea to a water containing beg 
100 mg of nitrite per litre Nolte and Bandt® found that the destruction of nitrite by urea 
EE slow in the cold, but could be accelerated by gently warming the mixture. Two years a 
ago a Joint Committee of the Association of British Chemical Manufacturers and the Society 
q for Analytical Chemistry* recommended that 1 g of urea be added to the acidified sample ~ 
—— nitrite and to the blank and that the solutions be set aside for 5 minutes before eS 


acid is used to acidify the samples. 
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cm it single sample can ana in 13 to ays, and experience has shown that about —s_|. et 
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bE In this inten we have found that sulphamic acid is more efficient than urea and that 
a its use is more economical, especially in the analysis o of “saline and sea waters containing 
nitrite. The results of a comparative study of the use of sulphamic acid and urea in the 
"determination of permanganate values are described in this paper. Sulphamic acid has 
been used in a modification of the Winkler method for determining dissolved oxygen’.’. 17,8; 


_ its application in the ryt -absorption test does not seem to have been attempted. an = 


MATERIALS AND METHODS | 


Samples of distilled water and sea water to which different amounts ; of sodium nitrite B = 
had been added and samples of sewage effluents containing different amounts of nitrite were kp 
used for the oxygen-absorption tests. Reagents were prepared and — were carried - a | 


as recommended by the Joint Committee? 


Eight series of tests were carried out to study the relative efficiencies of | urea and ca 
sulphamic acid for destroying nitrite in water samples and sewage effluents. In the first BF 
series, 100-ml samples of distilled water containing 1 or 2 mg of added nitrite-N were treated 
with 1-ml portions of 0-5 M solutions of urea or sulphamic acid, #.¢., 30 mg of urea or 48-5 mg ff o~ 
of sulphamic acid. The 3-minute permanganate values were determined after the solutions ae 
3 had been set aside for periods of up to 5 minutes. (The permanganate values of 100-ml tain 
containing 1 and 2 mg of nitrite-N p. p-m., 
the urea solution, the results were— 
Time after addition of urea solution, minutes... .. 4 
Permanganate value in presence of 1 mg of nitrite-N, p. m. 
Permanganate value in presence of 2 mg of nitrite-N, p.p.m. 20-2 16-9 
When 0:5 M sulphamic acid was used, the 3-minute permanganate value was 0-0 ppm — 


The rate of destruction of nitrite-N in 100-ml ‘samples o of water by ‘portions of 


Permanganate value in presence of 
mg of nitrite-N, ppm... 9 90 ne 0-4 
_ + Permanganate value in presence of 2c ed? 16 aab sb 
_ nitrite-N, 20-2 182 16 16-4 12 2: (10-2 52 32 


8 The extent to which n nitrite \ was s destroyed was determined adding increasing amounts 


of urea or the theoretical amounts of sulphamic acid to 100-ml samples of water containing ae 
- known amounts of added nitrite-N ; the results are shown in Table A. _ When twice the ger. 
theoretical amount of sulphamic acid was added, destruction of nitrite _ Was _ almost 

so & 


The efficiency of sulphamic acid for destroying nitrite was then Different 


determin 4 


2 04 6 6 08 10 20 30 4-0 

4-hour permanganate value, p.p.m. 22 46 66 9% 229 342 45:3 


“ re ‘The series was then repeated, 1 ml of 0-5 M sulphamic acid being added 1 minute before the 
tae permanganate solution ; in no test was either the 3-minute or the 4-hour permanganate value 
greater than 0-1 p.p.m. As the concentration of nitrite-N_ in polluted waters and sewage 


ia ; ie effluents does not normally exceed 50 p, pn m. (5 mg per 100 ml), it is suggested that 50 ng 

' of sulphamic acid be added to 100 ml of sample c containing up to 5 mg of nitrite-N and to_ be 

the blank and that the / mixture be set aside for 1 minute to ensure complete destruction | rf 


The efficiencies of urea and : sulphamic acid for destroying nitrite in were 
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1e DESTRUCTION OF NITRITE BY UREA AND SULPHAMIC 


i 7 he 3- minute te permanganate values for water samples containing 2 and 5 5 mg g of its ie 


| presentin addedto 
ite sample, 100ml of minute, 
Te mg per 100 ml s Sample, mg 


> 


} 

6 


: 


ml 
ni er, ‘EFFICIENCIES OF UREA AND SULPHAMIC ACID FOR DESTROYIN 


g Sulphamic acid or urea was added 2 minutes before the ee roa solution. sv 


Calculated -valuein Permanganate valuein value in presence of— 
‘* - Amount of rman- absenceofurea value resence of 
al  nitrite- N  orsulphamic expected mgof 50 mgof of 300 mg lg 
q 4 present, value (A ),* acid (B), (B—A), acid, urea, urea, of urea, 
hos 11-86 ‘14-6 ‘he 2 


acid to acidify sea water of this acid was 
studied. Different amounts of nitrite were added to 100-ml samples of sea water that had 
been acidified with phosphoric acid, and sulphamic acid or urea was added 2 minutes before 


solution ; results are in Table I. 


ded 2 minutes before 


3. 

ae 

- 

— 
i 

| 


Amount of in absence of 
nitrite-N-_ sulphamic acid mg of 
p-p-m 


45-1 
were investigated 


were added to 2 minutes the permanganate solution. experiment was 
*4 then repeated with samples containing added sodium chloride and acidified with phosphoric 
acid. The 3-minute permanganate values for 100-ml samples of sea water treated with 1 g 
_ of urea and acidified with phosphoric acid and containing 5 mg of nitrite-N, after being set 
_ aside for 2, 3, 5 and 10 minutes before ee solution was added, were 15-0, 7-6, 1:8 


Errects OF PHOSPHORIC ACID AND CHLORIDE 


mg « p.m. urea, p. 


= 
ers 


~ were obtained in presence of land sodium chloride, 


SULTS 


ie ‘The results indicate that it is preferable to use sulphamic acid for destroying nitrite 
on in waters and sewage effluents in the determination of permanganate values. In comparison 
with urea, a much smaller amount of sulphamic acid is needed and destruction of nitrite 


Pte is more rapid, the reaction of urea being even slower when the samples are acidified with 
The slowness of the action of urea, even in large amounts, on nitrite added to distilled 
water can be seen from the results on p. 732 and in Table I, e.g., destruction of 2 mg of 


pe, fc nitrite-N when treated with about four times the theoretical amount of urea was not complete 


i. after 1 hour, and for the complete destruction of 5 mg of nitrite-N in 3 to 5 minutes, the 
‘ole : of urea required is about ninety-three times the theoretical amount. Under similar 
conditions, te theoretical amount of aati oe was sufficient for the total. 
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of the nitrite in 2 minutes, and when twice that amount was added, destruction of the nitrite _ yo ‘a 3 

was almost instantaneous. N ormally, 50 mg of sulphamic acid are sufficient for the 


destruction of the nitrites Present in water and sewage in minute, av shown by 


the results on p.732 andin Table]. 
When phosphoric acid was used to acidify samples of sea water and waters containing _ 
_ large amounts of sodium chloride, the rate of reaction of urea with the nitrite in the samples _ 
} _ was considerably decreased, whereas that of sulphamic acid was not (see Tables III and IV); _ 

the decrease in the rate of reaction of urea was caused not by the chloride contents of the : 


samples: but the acid, the for those samples was 


‘The cost of sulphamic acid is higher than that of urea, but the greater efficiency | of 


sulphamic acid and the smaller amounts of it needed make it cheaper than urea for this work. _ a 
These considerations of efficiency and economy become still more important when 
to sea water a and | waters amounts ¢ of sodium 
1. Murray, K. A., J. Inst. Sewage | i 
2. Joint of the Assoéés British and the Society for 


“Analytical Chemistry, Analyst, 1957, 82, 683. 
«Tidy, of M., J. "1879, 35, 46. at. * 
“ea jog H., and Otto, W., Gas-u. Wasserfach, 1934, 77, 56; Wat. Pollut. Abstr., 1934, 7, 232. “4 i 
it Nolte, E., and Bandt, H., as 2 Gesundheitsing, 1938, 61, 79; Wat. Pollut. Abstr., 1938, 11, $75. 
Ruchhoft, C. C., Sewage Wks J. 1941, 13,642.00 
i. 7. Cohen, S., and Ruchhoft, C. C., Ind. Eng. Chem., Anal. Ed., 1941, 13,622. oie = 4 a 
Yakimets, E. M., and Shabanova, N. V., Trud. Ural. Politekh. Inst. 1956, No. 57, 79; 
Wat. Pollut. Abstr., 1958, 31, 410. 
Recommended -Methods of Assay of Crude Drugs 
PREPARED BY THE JOINT COMMITTEE OF THE PHARMACEUTICAL SOCIETY 
_ The Determination of Rotenone in 


a SiNcE for many of the crude drugs Sibtaly we used in commerce there are no adequate standard 
_ or official methods of assay, the Pharmaceutical Society of Great Britain and the Society for 8 
~ Analytical Chemistry set up in March, 1956, a Joint Committee on Methods of Assay of 
; a Drugs, which appointed a number ¢ of working Panels, each Specialising in one crude _ 
_ The rotenone-containing drugs, and derris, were among those selected 
= the Joint Committee for investigation, since it was apparent that the methods of analysis _ 
_ customarily i in use yielded discrepant results and it was considered that an agreed and reason- — 
_ _ A working Panel was therefore appointed in July, 1957, for this p purpose, its composition 
_ being Dr. R. F. Phipers (Chairman), Mr. R. Buckley, Mr. J. A. Dawson, Mr. W. E. Drinkwater. — 
fi Mr. R. V. Foster, Mr. S. C. Jolly, Dr. J. T. Martin, Mr. D. V. Richmond, Mr. W. M. Seaber 
a Mr. F. H. Tresadern, with Miss A. M. Parry as Secretary. Mr. W. M. Seaber died early = 
in 1958 and Mr. R. A. Rabnott was co-opted on to the we to voontinue Mr. Seaber’s work. _ 4 
“To investigate ‘methods of assay derris, and their preparations, 
with particular reference to the determination of their rotenone content.” im 
ig 


_ This report deals only with the chemical determination of rotenone in the ground root 
_ of lonchocarpus and in the extractives from it, known variously as resin, extract or, errone-_ 
Fates Cleoresin. sie It is of interest to note that this is the first collaborative trial carried out in 
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for many years its content has been as an measure of the 
= = potency of the drug, and the methods generally used in commercial transactions, including — 
in the British Codex, 1953, are based on the determination of 
a _ Although these methods are not considered to be entirely satisfactory because of their — 
empirical nature, the Panel decided, in the first instance, to investigate them in order to im- 
5 prove and define more closely the procedure to ensure more reproducible results than = 
ie: Eventually, the Panel hopes to examine methods of analysis that will entimnate ” 
‘insecticidal value of all the biologically active materials present. 
Ar In the meantime, work is proceeding on methods for determining eae yA in formulated 

The use of derris or lonchocarpus in macerated form as a fish poison probably dates back 4 
to to aitiauity: the first recorded reference to such a use was made in 1665. It was not until 
the second decade of the twentieth century that products containing rotenone were used 
any extent for insect control. Once the commercial very of materials became 


of derris and lonchocarpus expanded. greatly up to the of the second World War, 
ae as such products were considered to be non-poisonous when compared with 
_ the nicotine and arsenical compounds then in use in horticulture. Materials containing — 
poe mens were also used to control livestock pests, such as ticks, and the British Ministry — 
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a 3 is not appropriate. here to review the of containing ng mate: rials 
for pest control; excellent summaries have been Holman," Shepard, 2 Frear,? 
Researches in the U.S.A.,. Japan and the United demonstrated the structure 
‘of rotenone (I), the principal ingredient of derris and lonchocarpus extracts. Five other 
related compounds of less significance, but also having biological activity, have beenisolated, = 
these being elliptone (III) and deguelin (V), together with the hydroxy-derivatives, sumatrol ae 
(ih, -malaccol (FV) and toxicarol (VI). Deguelin has not been isolated in ‘its naturally 
_ These compounds are found in many leguminous plants, particularly in the sub-family a 
Papilionaceae. The important genera in this sub-family are Derris, Lonchocarpus, Tephrosia 
and Milletia, of which only the first two have become important in commerce. A thriving Prins 
-_derris-plantation industry was developed in Malaya, Java and Sumatra, but this suffered 
- from the effects of the second World War. Lonchocarpus, on the other hand, occurs princi- — 
; “pally i in Central anc South America. This geographical situation led to its extensive use 
during that war, and these areas are now the principal source of rotenone-containing materials. es 
_ _Rotenone and its related compounds occur chiefly in the root of the plant; the principal - Peat 
article: of commerce is the dried root, either whole, chopped or, more usually, in — 
form. From the root an extract or resin may be prepared by solvent treatment. ss a, er 
the commercial use of and lonchocarpus | had become firmly 
ae determination of rotenone became important. The first quantitative method was — 
"proposed by Tattersfield and Roach,* who extracted dried and powdered derris root with | 
ether and then weighed the rotenone, which crystallised from a concentrated ethereal solution. _ ; 
_ This method was superseded by one suggested by Jones,’ who found that crystallisation from _ a om 
s tetrachloride gave more reproducible results and also permitted more rotenone, fe &§ 
by weight, to be crystallised out. Rotenone separated from such solutions as a solvate _ 
containing one molecule of the solvent to one molecule of rotenone. 
Cahn and Boam® also worked on a method involving crystallisation from carbon tetra- 
eal and noted that some rotenorie remained behind in the mother liquor, particularly 
fell the rotenone content of the extract was low. They showed that crystallisation was _ 
facilitated by the addition of a weighed amount of rotenone. They also considered that, 
: a the amount of crude rotenone obtained were taken as the true rotenone content, then e 


Jones and Graham? on these lines, ‘which was adopted as offici 
4 by the Association of Official Agricultural Chemists; a variation of this method was evan 
_ by Coomber, Martin and Harper’ as the standard method in this country, included in the _ 
4 British Pharmaceutical Codex, 1949 ,4 and subsequently transferred to the British Veterinary 
Codex, 1953. A variety of other methods was proposed between 1930 ond 1939, but —_ 
Was so popularly accepted as the carbon tetrachloride method. 
two methods in general use during the first decade after. the Norld 
_ were those described in the British Veterinary Codex, 1953, and in the Association of Official 
Agricultural Chemists’ Methods of Analysis, 1955.% BU 
‘The method described in the Codex consists in percolation of the ground root with hot 
chloroform: in a continuous-extraction apparatus. An aliquot of the chloroform solution = 
a evaporated and the residue is dissolved in carbon tetrachloride previously saturated with | 
Totenone at 0° C. This solution is cooled in ice for not less than 16 hours, and the separated 
crystals are collected on a sintered- glass Gooch crucible. The crystals of rotenone - carbon 
tetrachlowide solvate are washed with ice-cold rotenone-saturated carbon tetrachloride 
| dried at 40°C. The outlet of the Gooch crucible is closed, and the crystals are treated with Ww 
‘tisha previously saturated with rotenone at 0°C. After being set aside at 0° C for not less — 
| bo 4 hours, the liquid is removed by suction, and the crystals are washed with ice-cold — > 
rotenone-saturated alcohol. The residue is dried to constant weight at 105° C, and this weight — Ss id . : 
_isnoted. A 4 per cent. solution of the residue in benzene is prepared, and its optical rotation ise a 


at 20° Cis determined. This determination permits a calculation of the purity of the rotenone , = 


thus separated, and, by ‘appropriate calculations, the rotenone of the is esta 


4 
rk 
1S = 
is 
= ‘i 
he 
§ 
of we 
n- 
0. 
he 
ed 
: 
ie 
til 
ed 
he! a 
ar, 
ith 
ing 
try 
fly 
| 
/ 
_ 


EFFECT OF PHOSPHORIC ACID IN ANALYSIS OF SEA WATER 
Amount of absence of __ in presence of in presence of 


"Finally, the of ‘phosphoric ‘acia and sodium on 


the results being shown in Table IV. Known amounts of nitrite were added to 100-ml 
- samples of distilled water and the 3-minute permanganate values were determined after the 
samples had been acidified with (a) sulphuric acid and (bd) phosphoric acid; 300 mg of urea 
were added to each sample 2 minutes before the permanganate solution. - ‘The experiment was 
then repeated with samples containing added sodium chloride and acidified with phosphoric 
acid. _ The 3-minute permanganate values for 100-ml samples of sea water treated with 1g 
of urea and acidified with phosphoric acid and containing 5 mg of nitrite-N, , after being set 
aside for 2, 3, 5 and 10 minutes before permanganate solution was added, were 15-0, 7-6, 1:8 


EFFECTS OF PHOSPHORIC ACID AND SODIUM. CHLORIDE ON 


nitrite-N in absence in of urea and 3 g 
‘present, 7 of urea, wh mg of of sodium 


mg p-m. urea, p-p.m. chloride,* p.p.m. 


~ 


_ The results indicate | that i it is preferable to use eaiichile’ te ‘ destroying 1 nitrite 


‘in 1 waters and sewage effluents in the determination of permanganate values. In comparison 
with urea, a much smaller amount of sulphamic acid is needed and destruction of nitrite 
is more rapid, the reaction of urea being even en slower when the meee are acidified with 


Similar results were obtained in presence of 1 and 2- amounts sodium chloride. 


The slowness of the action of urea, even in large amounts, on nitrite added to distilled 
 —_ can be seen from the results on p. 732 and in Table I, e.g., destruction of 2 mg of 
, _ nitrite- N when treated with about four times the theoretical amount of urea was not complete 
sr 2 after 1 hour, and for the complete destruction of 5 mg of nitrite-N in 3 to 5 minutes, the 
x  & of urea required is about ninety-three times the theoretical amount. Under similar 
_ conditions, the theoretical amount of sulphamic acid was cee for the total destruction 
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of the nitrite in 2 minutes, and when twice that amount was 1s added, - destrection: of the e nitrite 


rig 
q | was almost instantaneous. a Normally, 50 mg of sulphamic acid are sufficient for the complete — P a 
destruction of the nitrites present in water and sewage effluents in 1 minute, as shown by 
q Sah When phosphoric acid was used to acidify samples of sea water and waters containing 
large amounts of sodium chloride, the rate of reaction of urea with the nitrite in the samples 
was considerably decreased, whereas that of sulphamic acid was not (see Tables III and IV); el nie 
~ the decrease in the rate of reaction of urea was caused not by the chloride contents of the __ 
samples but by the presence of phosphoric acid, the use of which for those samples was _ 
' The cost of sulphamic | acid is higher than that of urea, but the greater efficiency of 
sulphate acid and the smaller amounts of it needed make it cheaper than urea for this work. - 
_ These considerations of efficiency and economy become still more important when applied — 


“to sea water and waters containing large amounts of sodium chloride. ay posse 


n 


a Tidy, C. M. Chem. Soc., 1879, 35, 46. 
4. ‘Jung, H., and Otto, W., Gas-u. Wasserfach, 1934, 77, 56; Wat. Pollut. Abstr., 1934, 7, 6. 
. Nolte, E., and Bandt, H., J. Gesundheitsing, 1938, 61, 79; Wat. Pollut. Abstr., 1938, 11, 375. 
. Ruchhoft, C. C., Sewage Wks J., 1941, 13, 542, 
7. Cohen, S., and Ruchhoft, C. C., Ind. Eng. Chem., Anal. Ed., 1941, 13, 622. _ es ete et 
8. ' Yakimets, E. M., and Shabanova, N. V., Trud. Ural. Politekh. Inst., Sbornik, 1956, No. 57, 19: 
d Received May 4th, 1959 
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- SINCE for many of the crude drugs widely used in commerce there ar are no adequate standard 
_ or official methods of assay, the Pharmaceutical Society of Great Britain and the Society for — 
‘ - Analytical Chemistry set up in March, 1956, a Joint Committee on Methods of Assay of — 


Crude Drugs, which a of in one crude 


- the Joint Committee for investigation, since it was apparent that the methods of analysis 

_ customarily i in use yielded discrepant results and it was considered that an agreed and reason- 

_ _ Aworking Panel was therefore appointed in July, 1957, for this purpose, its semaine 

_ being Dr. R. F. Phipers (Chairman), Mr. R. _ Buckley, Mr. J. A. Dawson, Mr. W. E. Drinkwater. 
Mr, R. V. Foster, Mr. S. C. Jolly, Dr. J. T. Martin, Mr. D. Vv. Richmond, Mr. W. M. Seaber & 
and Mr. F. H. Tresadern, with Miss A. M. Parry as Secretary. Mr. W. M. Seaber died early 
es 1958 and Mr. R. A. Rabnott was co-opted on to the Panel to continue Mr. Seaber’s work. 


investigate methods of assay of derris, lonchocarpus, and their 
with: particular reference to the determination of their rotenone content.’ 


report deals only with the chemical determination of rotenone in the ground 7 

of lonchocarpus and in the extractives from it, known variously as resin, extract or, errone- 
oleoresi is of interest t to note that this is the first collaborative trial out 


— 
ml 
va 
TIC 
lg 
set 7 
it 
| 
J SUUILIYT AWA CAL TIPMIOINI UN UF A 4 
Rotenone in Rotenone-bearing Plants 
— 
Fs — 
itrite 
with 
tilled 
piete 
s, the — 
iction 4 
— 


HODS OF ASsA CRUDE DRUGS [Vol. 
ae er in n the United Kingdom on lonchocarpus root, although i in the past some collaborative work J 
aes was done on the rotenone content of derris . The reason for confining the investigation to this _ 
material is that the principal article of commerce at present is lonchocarpus root, little derris : 
- root being available. The Panel has not duplicated its work by using « derris, ‘for there is no 
reason to suspect that the method would not be equally applicable. —_ 
Rotenone is not the only constituent of these materials to exercise a biological | 
2 However, for many years its content has been regarded as an approximate measure of the — 
_ potency of the drug, and the methods generally used in commercial transactions, including _ 
Rhee described in the British Veterinary Codex, 1953, are based on the determination of 
Although these methods are not considered to be entirely s satisfactory because of their 
empirical nature, the Panel decided, in the first instance, to investigate them in order to im- : 
= and define more closely the procedure to ensure more reproducible results than hitherto. © 
_ Eventually, the Panel hopes to examine methods of analysis that will estimate the 
wecticidal value of all the biologically active materials present. 
In the meantime, work is on methods for in 

‘The use of derris or lonchocarpus in form as a fish poison back 
a » shtbenine: the first recorded reference to such a use was made in 1665. It was not x ak 
the second decade of the twentieth century that products containing rotenone were used 

to any extent for insect control. Once the commercial value of such materials became 
known, considerable interest was aroused in their chemical and biological properties. 
= use of derris and lonchocarpus expanded greatly up to the outbreak of the second World War, 
as such products were considered to be non-poisonous when compared with 
the nicotine and arsenical compounds then in use in horticulture. Materials containing 
- rotenone were also used to control livestock pests, such as ticks, and the British Ministry 


of Agriculture made “compulsory the use of derris or lonchocarpus nae the warble-fly 
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RECOMMENDED ‘METHODS OF ASSAY OF | ‘CRUDE DRUG: 


Tt not here to review development 


in the U. S. A. and the United Kingdom demonstrated the structure 
~ of rotenone (I), the principal ingredient of derris and lonchocarpus extracts. Five other 
_ related compounds of less significance, but also having biological activity, have been isolated, 
these being elliptone (III) and deguelin (V), together with the hydroxy-derivatives, sumatrol — 
(IB, malaccol (IV) and toxicarol (VI). Deguelin has not been isolated in its naturally 


from the effects of the World War. yg on the other hand, occurs princi- 

_ pally in Central and South America. This geographical situation led to its extensive use A 
during that war, and these areas are now the principal source of rotenone-containing materials. — si 

py _ Rotenone and its related compounds occur chiefly in the root of the plant; the principal _ 
article of commerce is the dried root, either whole, chopped or, more usually, in a Bs 
form. From the root an extract or resin may be prepared by solvent treatment. a ae 

Tat Once the commercial use of derris and lonchocarpus | had become firmly established, 
the determination of rotenone became important. The first quantitative method | was 
‘propa by Tattersfield and Roach,® who extracted dried and powdered derris root with 
ether and then weighed the rotenone, which crystallised from a concentrated ethereal solution. =. 


_ This method was superseded by one suggested by Jones,’ who found that crystallisation from oS: a 


5 carbon tetrachloride gave more reproducible results and also permitted more rotenone, | 
by weight, to be ‘crystallised out. Rotenone separated from such solutions as a solvate 
containing one molecule of the solvent to one molecule of rotenone. 
Cahn and Boam® also worked on a method involving crystallisation from carbon tetra- 
_ chloride and noted that some rotenone remained behind in the mother liquor, particularly 
“hell the rotenone content of the extract was low. They showed that crystallisation was 


i Jones and Graham® developed < a method on these lines, which was adopted as official } 
by the Association of Official Agricultural Chemists; a variation of this method was proposed — - i, 


; by Coomber, Martin and Harper" as the standard method in this country, included in the hem 


Codes, ee 12 A variety of other methods was proposed between 1930 and 1939, but none 
was so popularly accepted as the carbon tetrachloride method. 
The two methods in general use during the first decade after the second World War 

"were those described in the British Veterinary Codex, 1953, and in the Association of Official 
Agricultural Chemists’ Methods of Analysis, 1955." 
The method described i in the Codex consists in percolation of the ground root with hot 

chloroform in a continuous-extraction apparatus. An aliquot of the chloroform solution — 


rotenone at 0°C. This solution is cooled in ice for not less than 16 hours, and the separated - 
crystals are collected on a sintered-glass Gooch crucible. The crystals of rotenone - carbon — 
tetrachloride solvate are washed with ice-cold rotenone-saturated carbon tetrachloride and * 
- dried at 40°C. The outlet of the Gooch crucible is closed, and the crystals are treated with | 
alcohol previously saturated with rotenone at 0°C. After being set aside at 0° C for not less ; 
| than 4 hours, the liquid is removed by suction, and the crystals are washed with ice-cold _ 
_rotenone-saturated alcohol. The residue is dried to constant weight at 105° C, and this weight _ 


20° Cis This determination a calculation of the tof the rect of the rotenone 
thus separated 


_ British Pharmaceutical Codex , 1949," and subsequently transferred to the British Veterinary 


is evaporated and the residue is dissolved in carbon tetrachloride previously saturated with :. = _ 


# isnoted. A 4 per cent. solution of the residue in benzene is prepared, and its optical rotation ae 7 
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a the flask containing the pet root and eats on a shaking machine for several sai is = | 


a After filtration, an aliquot of the chloroform solution is evaporated. The residue is dissolve ay * 


_in carbon tetrachloride, and the whole is kept in a bath of ice for 17 to 18 hours; the separated 


crystals are then filtered and washed with ice-cold carbon tetrachloride previously Cand this ¥ 


_ with rotenone at 0°C. The separated crystals are dried to constant weight at 40° C, and this 


By is recorded. The dried material is then removed from the filter, and a 1-g portion — 3 


s treated with alcohol previously saturated with rotenone at room temperature. After — 
ie the whole is set aside for at least 4 hours, and the crystals are then separated on — 
a Gooch crucible and washed with alcohol saturated with rotenone at room temperature. 
_ The residue is dried to constant weight at 105° C. _ Multiplication of this weight of residue 
-— the total weight of the crude rotenone - carbon tetrachloride solvate gives the weight of — 
pure rotenone contained in the aliquot taken. A correction to this weight is made for the 
“a a rotenone held in solution in the carbon tetrachloride used in the crystallisation. hie 
After 1945, it soon became apparent that the existing methods gave widely is 
-—- in different laboratories. When reviewing these methods, the attention of the Panel _ 
Was drawn to work published during the war by Martin™ wherein the earlier work of Tatters- 
field and Martin’ was further developed. Tattersfield and Martin had shown that | 
phenolic and emulsifying constituents of derris extract could be removed by washing with 
alkali; once these materials were removed, it was found that the crystallisation of rotenone 
carbon tetrachloride was greatly facilitated. The results of Martin’s researches had 
escaped attention and were not in analytical when ‘the use of derris 
OF LONCHOCARPUS RESIN- 


Most of the collaborators normally used their own variants of the method recommended ~§ ’ 
i the Association of Official Agricultural Chemists in their own laboratories; therefore, in order ; 
~ to determine the merit of each worker’s own method, the sample was assayed both by the — 
s method described in the British Veterinary Codex, 1953, which was strictly followed, and [ 
by the worker’s own method. The are Shown in Table 


ore 
28-9, 30-4, 30-3. 34-0, 346 
32-9, 33-1, 33-2 37-6, 36-5, 36-3 
es Zs It was desirable that the over-all variation in the results by the British Veterinary © 
ea 7: Codex anges should be reduced, but detailed examination of the workers’ own methods 


mle with caustic alkali before separating the rotenone - carbon tetrachloride oes 


& by crystallisation. This removed resinous material that 1 with crystallisa- 
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RECOMMENDED METHODS OF ASSAY OF CRUDE “DRUGS 


- ‘the degree of purity could be determined directly by polarimetry, thereby avoiding treatment 
with alcohol. A preliminary investigation by the Panel showed that a higher and more 
consistent figure for rotenone content was obtained by omitting the treatment with alcohol. — 
- was possible that washing with caustic alkali might cause degradation, and this was 
investigated by substituting ammonium hydroxide for potassium hydroxide. Most workers 
~ reported a greater tendency to emulsification, and results were lower than when potassium © 
hydroxide was used. It therefore appeared that potassium hydroxide was more efficient 
_ in extracting the interfering substances, and members of the Panel expressed a aermaeal i 
3 _ The accuracy of the polarimetric procedure for determining the purity of the solvate ras 
was also examined. Concurrently with the work of the Panel, a committee of the Association | os 4 
of Official Agricultural Chemists was conducting a collaborative investigation into the analysis “a 
_ of rotenone-containing material, using a modification of the spectrophotometric procedure ; 
proposed by Payfer.* The Panel had been apprised of this and accordingly investigated 
its applicability in determining the purity of the solvate. When this method was used, oe 
each worker reported a value differing from that obtained by the optical-rotation method, | e a 
_ but there was no constant factor governing the deviation. It was therefore agreed to con- — a 


A tinue the use of the polarimetric method for determining the purity of the solvate, as this ne 


Asa result of these various investigations, a procedure was adopted by ‘the Panel. th ‘The ; 
_ results of a collaborative trial (with two samples) of the method finally recommended for t wae 


q of lonchocarpus resin (see shown in Table 1] 


ANALYSIS: OF LONCHOCARPUS ‘RESIN BY THE RECOMMENDED METHOD 


43-6, 44-6 


2,356 «42-0, 41-8, 41-3 


ANALYSIS OF LONCHOCARPUS RooT— Site 


; application of the method to the deter- > - 


z the Association of Official Agricultural Chemists, namely, cold extraction with chloroform _ 
(but omitting the use of decolorising charcoal), was used for extracting the active ingredients _ 
from the root. The possibility of using the chloroform solution throughout the alkali-washing _ 

_ Stage was investigated, but all workers reported troublesome emulsions, and so the chloroform © 
| solution was first evaporated to dryness; the residue was dissolved in a mixture of equal 
parts of benzene and ether, the mixture used in the recommended method 
ie _ After several modifications of the technique had been made, in connection with various _ 

ia precautions to be taken in the filtration and evaporation stages, the results were satisfactory. _ 
ae results of a collaborative trial (with t two samples) of the ‘method finally recommended 


‘The same samples of ground lonchocarpus root were assayed by the recommended | ; 
_method by four independent analysts (in the United Kingdom, U.S.A. and Denmark) 
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) METHODS OF ASSAY OF CRUDE DRU es 

ho had no previous experience of the method or communic eee ale 
Panel _ The results are shown in Table IV. rr a 


i 


BLE III 
OF GROUND LONCHOCARPUS ROOT BY THE “RECOMENDED 
— 


712, 556 


q 


a 


dard deviation 


a0 


deviation 
Coefficient of variation .. 
+ 
= Paz Methods for the assay sof lonchocarpus resin and ground root have been tested collabora- | 5 
3 tively and are recommended. Coefficients of variation of 3-0 for the resin and 4-2 for the | 
. ground root indicate an appreciable advance over previously accepted procedures and show s 
that, the scatter has been considerably reduced. Results from outside collaborators, oa 
on of variation of i: 2-6 for the ground root, are exceptionally encouraging. a 
The results obtained a 


Panel wish to Bugges Insecticides Ltd., , The Marphy 
_ Chemical Company Ltd., Foster D. Snell Inc., New York, and Dr. P. Terp, Danmark igh teker- 
_ forening’ s Kontrollaboratorium, for their participation in the analyses. 
= Panel also thanks Stafford Allen & Sons Ltd. and The Cooper Te 
METHODS FOR THE DETERMINATION OF ROTENONE 


‘ a For the determination of rotenone in ground lonchocarpus and derris root 
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bon tetrachloride. The per ntage of rotenone in Sé 
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7 ‘= Potassium hydroxide solution, 2 per cent. w/v. 
Potassium hydroxide solution, 5 per cent. w/v. 

- ether solution (l+lv/). 
‘Rotenone—Use material prepared according t 
‘Veterinary Codex, 1953, p.626. = St 

ein tetrachloride, saturated with pure rotenone at 0° ¢-—-Disalve 2-72 g of roten 
in 1 litre of carbon tetrachloride, and cool the solution to orc. ibe: pn eet, 5 


Accurately weigh about 5g of the resin (W), dissolve it ia 100 ml of benzene - -ether 
solution, and transfer to a pear-shaped 500-ml separating funnel with a further 20 ml of at) 
Cautiously add 50 ml of 2 per cent. potassium hydroxide s solution, allowing it to un 
nz the sides of the separating funnel, carefully turn the separating funnel to a horizontal 
position, gently rotate it about six times, taking care to avoid emulsification, and carefully 
return the funnel to the vertical position, 
_ Remove the alkaline layer as rapidly as possible by running it into a second separating 
~ funnel containing 40 ml of benzene - ether solution. In order to carry out this — 
rapidly, it may be necessary to run off only the clear aqueous portion, leaving in the separating ro 
funnel any trace of emulsion. The tendency to emulsify i is markedly less in the later washings. _ 
Carry out a second rapid extraction with 50 ml of 5 per cent. potassium hydroxid 
4 solution; use an increased degree of agitation, but ‘still take care to avoid emulsification. “ 
Repeat the extraction with vigorous shaking, using a further 50 ml of 5 per cent. potassium 2 
hydroxide solution, and run each alkaline layer into the second separating funnel. Im- a 
_ mediately after the third extraction, add 50 ml of distilled water to the main benzene - ether — Rey 
solution, and shake gently to reduce the concentration of any residual potassium hydroxide. Fs 
The whole extraction procedure should not take more than 30 minutes. 
s After agitation, run off and discard the 150 ml of alkaline extract from the second a 
separating funnel, and add the 40 ml ether — to main "ether 


funnel a small piece, of litmus paper and hydrochloric acid, drop with 

. shaking after each addition, until the paper just turns red. “Run off the aqueous layer, 7 
_and wash the benzene - ether solution with 3 portions, each of 25 ml, of distilled water, allow- a 

ing effective drainage after each washing. Run off the water, and run the benzene - ether 

_ solution through a layer of anhydrous sodium sulphate (about 10 to 15 g) supported in a filter _ 3 a 
funnel on a plug of cotton-wool. Wash the separating funnel and then the sodium sulphate ae i 
“with 25 to 30 ml of solvent. Remove the solvent by distillation, using a 100-ml flask, on 

_a water bath and then by warming under reduced pressure. Re-dissolve the residue in 15 ml ba 

| of hot carbon tetrachloride, and evaporate to dryness under reduced pressure as before. ae. 
SS this operation, the final | evaporation to dryness under reduced pressure being for ie a 
Dissolve the residue in 25 ml of carbon tetrachloride saturated with ‘pure ‘rotenone at ae 

| Ret C by boiling under reflux on a water bath until solution is complete. Swirl the flask in re i. 

a bath containing a mixture of ice and water until crystallisation appears to be complete. : hee 

Leave the flask in the bath of ice and water in a. refrigerator overnight. 

Titer the solution through a tall glass crucible having a sintered-glass filter vee 5 
_ No. 3) previously cooled to 0° C, and rapidly wash the crystals with 15 ml (in 3 approxi- 
_Iately equal portions) of ice-cold carbon tetrachloride saturated with pure rotenone at 0° C. 

Maintain’ for about 5 minutes, the at for 1 hour, and 
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i Re specific rotation of a 4 per cent. w/v solution of the pure complex in benzene is 
166°. The percentage purity of the complex is therefore the expression 
/6 -64, where « is the circular: degrees of a a 4‘per cent. solution at 


ae one? ee It has been 1 established by Jones? that ~ solvate formed when rotenone is crystallised 


esi - from carbon tetrachloride is equimolecular. — _ The percentage of rotenone in the dried solvate 
; 4 therefore 72. If W is the weight of resin taken, W, is the weight of solvate and «@ is the 
_ observed rotation, in circular degrees, of a 4 per cent. solution of the solvate in i 
at 20°C, then the percentage of rotenone can be calculated from the 


pon nt, % = x -= - 


i, Place 30 g of the well mixed sample, ground t to pass through a 30-mesh sieve, in a 500-ml — 
_ conical flask fitted with a ground-glass stopper. Add 300 ml of chloroform, ‘measured at a_ 
rs. Set the 
flask aside overnight, and shake it for 30 minutes next morning. 
__ Filter the solution through a fluted fast filter-paper, covering the top of the funnel to 
_ prevent loss of solvent, and collect 200 ml of filtrate (measured at the temperature at which — 
a oe ‘ the original 300 ml of chlorofom were measured). Transfer the solution to a 500-ml flask, . 
os + and evaporate to dryness. Dissolve the residue in 100 ml of benzene - ether solution. _ 


___ Transfer the solution to a pear-shaped 500-ml separating funnel with a further 20 ay T 


4 benzene - ether solution, and continue as described in the method for resin, beginning at 
eee add 50 ml of 2 B pero cent. potassium hydroxide solution. . . .” 


¢ “ie ty 
i. The pe percentage of rotenone in the aliquot is calculated as described for the resin, i.c., 
ae fy from the expression 10-84 W, a/W. The percentage of rotenone in the root will therefore 
y thls Holman, H. J., Editor, “A Survey of Insecticide Materials of Vegetable Origin,” ‘The Imperial 
i 2. _ Shepard, H. H., “The Chemistry and Action of Insecticides,” McGraw-Hill Book Co. Inc., New 
 Frear, D. E. H., “Chemistry of Pesticides,” Third Edition, Van Nostrand Co. ‘Ine, New York 
ce wl ee _ Metcalfe, R. L., “Organic Insecticides ; ; their Chemistry and Mode of Action,”’ Interscience Pub- 
ny lishers Inc., New York and London, 1955. 
‘Martin, H., “The Scientific Principles of Crop Protection,” Fourth Edition, Edward Arnold 
(Publishers) Ltd, London, 1959. 
and Roach, W. A., Ann. Appl. Biol., 1923, 10, ap tabns aniliod 
7, Jones, H. A., Ind. Eng. Chem., Anal. Ed., 1933,5, 23. site: 
Cahn, R.S.,‘and Boam, J. J, "J. Soc. Chem. Ind., 1935, 54, 37r. dest te 
9 Jones, H. A., and Graham, J. J. T., J. Ass. Off. Agric. Chem., 1938, 21, 148. _ i. 
10. H. E., Martin, J. T., and "Harper, J: Chem. Ind., 1942, 61, 
12. British Veterinary Codex, 1953, p. 119. 
a 3. Horwitz, W., Editor, 
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‘THE RAPID DETERMINATION OF EXCHANGEABLE CALCIUM AND 


SINCE Cheng and Bray! introduced ethylenediaminetetra-acetic acid (EDTA) as a reagent ee ; 
soil analysis, several variations of their method have been suggested.* However, ‘it is often ee a 


or implied* that the removal of ammonium salts and interfering ions is necessary before the titra- 
tions with EDTA solution are carried Sut. The difficulty in directly titrating an extract arises yee 
largely because, for poor leached soils, the accuracy will be low, although interference by other 
elements may be absent, but for better soils, when the accuracy of a titration is sufficient, interfering 
elements are frequently encountered. Further, high concentrations of ammonium ions, such © 
as occur in the most usual extracting solutions, tend to worsen the end-points. = = 
_ The usual method is to titrate calcium and magnesium together at pH 10 with Eriochrome ~ 
black T as indicator, and calcium alone at pH 12 with murexide as indicator. The more un- 
satisfactory end-point at low concentrations is given by murexide, and in the presence of high 
concentrations of ammonium ions it is impossible to obtain a reasonable —ra 
tiem, of extracts containing only a few parts per million of magnesium or calcium. ee ae Be 
Nenad Several new indicators have been proposed as alternatives to murexide. 5,8,7 Two of these — : 
indicators (obtained from Hopkin ; and d Williams Ltd.) have been. qualitatively tested. Patton and ; 
Reeder’s indicator* gave an excellent end- -point, but appeared to be somewhat unstable in alkaline = 
solution; the accuracy was poor unless the titration was carried out rapidly. Calcein® gave a rather 
unsatisfactory end-point under these conditions, although somewhat superior to that 2 ow ell 
when murexide was used. Another indicator, acid alizarin black SN, has recently been strongly 
recommended®.® and has now been tested on soil extracts in neutral N ammonium acetate. For 
dilute solutions, it was found to be much superior to murexide, and good accuracy could be obtained se 
= 


‘The best pH for the use of acid alizarin black i is between 12 and 12: 5, although the titration — 
can be carried out between pH 11-5 and 13. The colour change is from bright bluish pink to | 

dull blue and the end-point is the point of maximum colour change. The colour continues to alter 
slightly on the further addition of EDTA, and as there is little warning of the approach of the - 
ot -point it may be overshot. A series of twenty titrations of a typical soil extract against i. 
0: ‘004 N EDTA solution was carried out over several days under different lighting conditions, > 

_ over-all standard error for one titration being +0-06 ml. Difficulty is experienced with ‘acid 
-alizarin black at high : magnesium to calcium ratios, but such ratios are rarely found in highly 2 
tool The appropriate pH may be obtained by adding sodium hydroxide solrition to the neutral 

_ N ammonium acetate extract, but this s system is poorly buffered at about pH 12 and } care is neces 
“sary. when the alkali is added. The use of a hydroxide - borate buffer solution decreases the slope 

of the: pH curve and is recommended. Diethylamine was tried, but did not give a sufficiently 


Although alternative. indicators, such as have been. suggested, 


i Eriochrome black T gives equally good or better results. In presence of cyanide, a good end-— 
4 point can be found by observing when the spots formed by added drops of reagent no longer 
contrast in colour with the solution. It is necessary to have a reasonable concentration of mag- 
-nesium ions in the solution, and this i is usually ensured by adding a solution of a magnesium salt 
eal has been titrated to the Eriochrome black T end-point with EDTA solution. A series of Pe 
tw enty-five titrations carried out concurrently with the above-mentioned calcium titrations gave ‘ 
_ an over-all standard error of +0-08 ml of 0-004 N EDTA solution. — A magnesium value obtained — 
b difference therefore has a standard error equivalent to 40-10 ml. With the soil solution ratio = 
used by us, 12-5 to 1, this gives a oe error of about +0-01 milli-equivalent o of calcium m and 
02 milli-equivalent of magnesium per 100gofsoih 
These methods have been applied for some time in this and good 
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yellow. y of ‘calcium and magnesium m added to typical soil was complete, in 7 


4 ‘poor sandy soils and that the most important interfering . ions will be N NH,*, Fe*+, Mn**, AP and 9 
>  Ammonium—Interference by ammonium ions when Eriochrome black T is used as indicator 3 ‘ 
: _ «appears as a dulling of the final blue colour and a slower colour change. However, it is not difficult Ew : 
- to obtain an accurate end-point in solutions N in ammonium acetate at the end of the titration. Bit, 


a change is slower, but the end-point is adequate for concentrations of ammonium acetate | ae 
= to N in the final solution. In 0-5 N ammonium acetate, the interference is extremely small. © | Pre 
Because of interference from | ammonium ions, the end- -points in both titrations may be F 


| and 
Te “Up to 10 P-P.! m. of i iron can be effectively masked by cyanide, but higher concen- is 


"aided well before the indicator. The sprbers ar appears as a a dull reddish colour, which steadily onl 


= increases at a rate | dependent on the concentration of iron and prevents the "appearance = ing 
of iron up to p.m. ‘not when acid alizarin black is the 
used as indicator, but addition of cyanide may ‘improve the end- “point. 


- —— Manganese—This element rapidly o oxidises Eriochrome black T , but the oxidation may be 

__-: prevented by adding hydroxylamine hydrochloride. The manganese can then be quantitatively wit 

tide _ titrated, as magnesium plus calcium, the end-point being normal. The most effective way to pas 
Temove manganese is by Cheng, Melsted and s procedure,” the diethyidithiocarbamate 


complex being extracted with carbon tetrachloride, 


‘ ____This procedure is a disadvantage in a rapid method, but fortunately it need only be applied | a 


h' in the rare instances when manganese is present. _ _At pH 7, manganese forms a red complex with 
i a Eriochrome black T, which, under these conditions, is just detectable at about 1 p.p.m. of man- 
ba ganese. If the indicator is added to the soil extract, with cyanide present, an immediate red or 
purple colour may be taken as an indication that manganese is present; high concentrations of 
iron and aluminium also give reddish colours, but more slowly. | Owing to the variety of inter- 
fering effects that may occur in s soil extracts, this | test may not always | be “specific 1 for manganese, ff 
iN = it should permit serious errors to be avoided. Titrations i. and without the, tama 
: .. procedure then give the amount of manganese present. 
Concentrations of manganese below 25 p. p.m. do not seriously interfere when acid alizarin 


_ Aluminium—Interference by aluminium when either Eriochrome black T or acid alizarin 
‘on _ black is used can readily be overcome by triethanolamine, 12,18 which permits satisfactory titration 
in presence of at least 25 P. m. of aluminium, The masking agent is conveniently incorporated 


is ‘dependent on the concentration of calcium,}* but, 
_ at the concentrations considered here (less than 0-004 N), at least 10 p.p.m. of phosphate can be 
_ present without interference when either indicator is used. $i 

_ Eviochrome black T indicator solution—Dissolve 0-25 g of the dye (Colour Index No. 14,645) 
_ in 75 ml of triethanolamine, and dilute to 100 ml with water or ethanol to reduce the viscosity. 

if stored in a refrigerator, this solution is stable for a few months. 
ee Sodium hydroxide - borate buffer solution—Dissolve 230 g of sodium hydroxide and 40 g of 
a fe. role sodium tetraborate, both of analytical-reagent grade, in 2 litres of water. Set the solution aside, 
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= 
alisarin black indicator s solution —Dissolve 0-5 g of the 
a 75 ml of triethanolamine, and dilute to 100 ml with ethanol. 


Magnesium -EDTA solution—With Eriochrome black T as te 
of 0-004 N magnesium solution to with 0-004 N EDTA solu 


buffer Check with a new batch of buffer solution or a different of 
soil, and adjust to between 12 and 12-5. Add 10 drops of acid alizarin black indicator solution, — 
as required, and titrate the bright bluish pink solution with 0-004 N EDTA solution until the 
red colour suddenly fades. Carry out a blank titration, as the buffer ‘Solution usually contains 


appreciable amounts of calcium. nae 


or aside, ee then add 6 to 8 drops of Silschrenis black T indicator solution. If the solution 
is a clear blue, add 2 ml of magnesium - EDTA solution and 8 ml of ammonia solution, sp. gr. 0-880, — 


and titrate to a clear light blue or blue-green AS 


; 3 If, when the indicator solution is added, a purple or red colour appears at once, manganes 
is present. Add about 0-01 g of analytical- Teagent grade hydroxylamine hydrochloride, , heat t 


about 70° Cc, add the other reagents, as described in the preceding paragraph, and titrate for 


- calcium plus magnesium plus manganese. - Place another 25-ml portion of soil extract in a separat- _ 
_ ing funnel, and add 1 drop of concentrated hydrochloric acid and about 20 mg of sodium diethyl- eo 
dithiocarbamate. _ Extract with carbon tetrachloride until the extract is colourless. Transfer 40 
the aqueous layer quantitatively to a flask, and titrate as before for calcium plus magnesium, 
If the solution changes colour gradually during the titration and no proper end-point e 
"obtained severe contamination by iron is evident. — In this event, add a little sodium sulphide — 
with the potassium and titrate as rapidly as Possible 


x Cheng, K. Bray, R. H:, Soil Sci., 1061,72, 400. 
Welcher, F. “The Analytical Uses of 
Co. Inc., New York and London, 1958. 
_ Metson, A. J., “Methods of Chemical Analysis for Soil Survey Samples,” 
__ Department of Scientific and Industrial Research, 1956. 
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8. West, T. S., J. Roy. Inst. Chem., 1958, 82, 39. 
- a Belcher, R., Close, R. A., and West, Aste Chemist Analyst, 1958, 47, 
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_ DETERMINATION OF TRACES, OF CYANIDE IN FISH TISSUE 


f 
hee _ CYANIDE can be recovered from ‘poisoned fish tissue by steam-distilling the acidified material — 
me into sodium hydroxide solution; although this method has the disadvantage that the distillate 
& may be turbid, particularly if the tissue is in a putrid condition. Kruse and Mellon’ state that 
= can be removed by extraction with a solvent such as tsooctane, but this method is not 
always effective for distillates from putrid fish tissue. Interference from turbidity can be obviated 
=— using Conway’s microdiffusion technique.*: #8 A high degree of sensitivity can be attained | by 
_ determining the recovered cyanide with a pyridine - pyrazolone reagent solution. ie Filaments — 
excised from the gills of fish submitted for examination wire found to be the most convenient 


an4 Acetic acid, 0-5 per cent. be one ATGS - anuleonger to fm & bbs 


Chloramine T solution, 1 per cent. w/v, aqueous—Freshly prepared, 


— Pyridine - - pyrazolone reagent solution—Dissolve 0-025 g of bispyrazolone in 25 ml of pyridine, 
‘This Teagent was always used within 24 hours of 


mix the solution with 125 ml of a saturated aqueous solution, of 1- -3- 3-methyl- 5-pyrazolone. 
j 


Cut up up the ‘gill and homogenise : a of ‘material with 5 tim 
a ite) weight of water in a laboratory homogeniser. Transfer 3 - of homogenate to a Conway cell 

ee ax - (size No. 1) containing 2 ml of 0-1 N sodium hydroxide i in the inner chamber. _ Acidify the homo- 
aX i“ _— genate with 1 ml of 10 per cent. v/v sulphuric acid that has been warmed to 30° C, rock the unit 


_ to mix, and set aside for 3 hours to ensure complete diffusion. Transfer a I-ml aliquot from the 
ri _ inner chamber to a 50-ml stoppered tube, add 1-3 ml of 0-5 per cent. v/v acetic acid (which de- 
creases the pH to approximately 5-0), and adjust the volume to 15 ml with water. Add 0-2 ml 
of 1 per cent. w/v chloramine T solution, invert to mix, set aside for 1} minutes, add 5 ml of 

‘ BB. 2-0 pyrazolone reagent solution, and again mix by inversion. After 30 minutes (the time 

required for optimum colour development) dilute the contents. of the tube to 50, 100° or 200 ml, 
i on the colour intensity, and measure the he optical density a’ at 630 mp it in a 10-cm cell with 

an absorptiometer. Determine the amount of cyanide present from a a ‘previously prepared cali- 
ae ts bration graph. Note that it is advisable to out a reagent-blank test with each series of deter- 

Pp carry 

minations, as this value increases with the sthrage time of the pyridine - reagent 


sti 


= 


Table I ‘shows ‘the rect recoveries obtained when measured amounts of a standard cyanide 


se solution — added to a sample of ay — from the gills of healthy fish. i 
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the : standard Conway cell has been used in the 


ted | tissue, in which low cyanide contents were expected. This cell was made by using three Petri-dish 
oy ids, two having diameters of 10 cm and one a diameter of 5-5 cm. The small dish was held inside — 
nts 


one of the larger ones by a smear of petroleum jelly; the third dish was used as a lid for the unit — 
_ and was sealed to the lower portion by a broad rubber band around the periphery. The cell held 
30 g of homogenate and 4 ml of sulphuric acid in its outer chamber, and 8 ml of sodium hydroxide — ae 
solution were placed in the inner chamber. Diffusion was allowed to continue overnight. — The © 0 1 
pH of a 4-ml aliquot from the inner chamber was adjusted by adding 5-2 ml of acetic acid, or ge 


4 the solution was to 15 ml with water. Colour was developed and measured in the way 

Recoveries. this modified cell did not differ ‘significantly from those obtained with the 
pe . q standard unit, provided that, in the modified cell, the level of the contents of the outer chamber 
. 2 was within 5 mm of the rim of the inner chamber. Determinations with standard cyanide solutions — 


- yere Carried out in both types of cell to demonstrate the effect of warming the sulphuric acid to me 
30°C. When sulphuric acid at room temperature was used, recovery was 96-9 + 3-0 per ol o 
- whereas if the acid were warmed to 30°C, recovery was 99-6 + 2-6 per cent. The standard — 


¥ “ fe deviations are those of a single determination. _ These recoveries do not differ at the 5 per cent. Aol 


nes ie - indicate the occurrence of cyanide poisoning in a river, the tissues of more ‘iinet one fish © 
cell | re must be analysed, and it is recommended that a _ sample of at least five fish (preferably a ie 
no- q dead in the water and not on the bank) should be used, as may be seen from the following = 
init | The modified cell » ‘was used in the analysis of samples from thirty-eight salmon that had not been , 
the t poisoned; the concentration of cyanide in the gill filaments ranged from 0-002 to 0-107 p.p.m. 


de- ‘The values showed a lognormal distribution, the mean being 0-015 p.p.m., and only one exceeded © 
ml A the upper 95 per cent. confidence limit of 0-067 p.p.m. Of: thirty fish believed to have been — 
| of ; poisoned, the gills of only three contained less than 0- 067. p.p.m. of cyanide, the values ranging ‘ 
ime — from 0-045 to 0-376 p.p.m. The correct method of comparing the two sets of results discussed 
ml, — above would be to compare mean jagpeanae values. Comparison of individual results from suspect _ 
ith | . fish with the upper 95 per cent. confidence limit for unpoisoned fish has been proposed, on the > 
_ grounds that an analyst may not receive a sufficient number of suspect fish to permit accurate 7 
‘Statistical assessment. A sample of fish may C contain a number of Specimens that, for various 
-_reasons, have low concentrations of cyanide, and the ‘mean of a small sample of large variance 
- may not differ significantly from that of the unpoisoned range. High values in a part of the 
sample would normally be sufficient evidence of poisoning. 
\ Salmon exposed to water at 4°C containing 50 p.p. .m. of cyanide > until | death occurre 
_ (20 to 30 minutes) had about 2-5 p.p.m. of cyanide in the gills when analysed 4 hours after death, 
| but the concentration had decreased to about 0-5 p.p.m. in the gills of fish that had been stored | ¥ = 
} for 3 days at 20°C. The interval between death and analysis should therefore be kept to s 


4} o minimum, and losses will also be ‘reduced if the tissues are refrigerated during this 3 period. An 
1. Kruse, J. M., and Mellon, M. G., Anal. Chem., 1958,25, 446. 
E. J., “Microdiffusion Analysis and Volumetric Error,” ” Crosby Lockwood & Son Ltd., 


ter- 


a 


oF 
3. Feldstein: M., and Klendshoj, N. C., Canad. J. Med. Technol., 1955,17,29. 


sad Received May 11th, 1959 


‘neutral: reagent ‘solution. m previously described! was not suitable for fat in 

_ separated milk or in products having a low fat content, but observations during that work 

Suggested that the could be ‘Suitably modified b substituting the 


IN SEPARATED MILK AND LOW-FAT 


a 
® 


i? | The mean recovery was 97-7 per cent., and the standard error 1-11 per cent. At the 5 per nt tee’ se 14 
ak cent. level of significance the mean recovery does not differ significantly from that obtained ae = Be 
rial for cyanide solutions in the absence of tissue homogenate. 
pot — 
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Ape. Use the apparatus specified for determining fat in milk and milk products by the ities 
-method,? but use the skim-milk butyrometer instead of the standard milk butyrometer. 
reagent solution has the following composition— = = 
citrate, 5 per cent. be itt file ot 3 


“Weigh the Tween (obtainable from Honeywill - Atlas, Devonshire House, ayfair Place, 
Ca Sy Piccadilly, London, W.1) into a small beaker, dissolve it in part of the methy lated spirit, transfer | 
cae _ to a calibrated vessel, and use the remainder of the spirit to rinse the beaker. Dissolve the di- - 
Bi _ sodium ethylenediaminetetra- -acetate in hot water, and neutralise the solution to phenolphthalein — 
ee with N sodium hydroxide. © - Dissolve the citrate and salicylate in this mixture, and then add it 
~~? to the mixture in the calibrated vessel. Cool to 20° C, dilute to the mark with water, and mix. ok: 
oo tats The reagent solution i is an opalescent liquid having a a pH « of 7 ‘8. a distinguish it fro from the | 
eat. reagent for full-cream | products, it can be coloured green by the addition of a Tittle ms naphthol 
green BNS (obtainable from Imperial Chemical Industries Ltd.). 


“PROCEDURE FOR SEPARATED, LOW-FAT ‘CHOCOLATE- -FLAVOURED 


Measure 10 of the reagent solution into a skim-milk and add 10-94 ml of 
- tat well mixed sample by pipette. Close the butyrometer with a stopper, invert twice, and place ¥ 
a. in a water bath at 65° C for 5 minutes. . Shake the butyrometer until the contents are thoroughly — 
mixed, and invert it two or three times while shaking. Spin the butyrometer in the centrifuge 
= at 1100 r.p.m. for 5 minutes immediately after mixing. Place the butyrometer, stopper down- 
oer wards, in the bath at 65° C for at least 3 minutes, and read the percentage of fat. - Repeat the J 


‘spinning, warming and until two consecutive readings are the same. 


ows 


ca 


bias 
Reading less than 0-10 per. cent., add 0-05 per cent. 


Su Reading 0-10 to 0-25 per cent., add 0-02 per cent. “wot 

Reading more than 0-25 per cent., no correction. “¢ 

yor. AND FAT-FREE Yoouourt— 

Weigh 11-3 0-05 g of into a small dish, and transfer to a skim-milk butyrometer 

a ae pouring down a glass rod. Use 10 ml of reagent solution in two portions to rinse the remainder — 


_ of the sample into the butyrometer. Complete the test as for separsted milk, and apply any 


DURE FOR COTTAGE CHEESE— 
perse 


a Weigh 3 2 0-01 g of sample into a small dish.” ~ Add 4 ml of warm rm water, — stir to disperse 


the cheese. Transfer to a skim-milk 10 ml of reagent solution, 
rinse the dish with two 2-5-ml portions of warm water. Add.the rinsings to the contents of the 
__ butyrometer, and complete the test as for separated milk (shake the mixture until all — 


Par Fat content, per cent. = Butyrometer ending x 3-9. 


ee Fat contents found by the proposed method were compared with those found by establish 


= "methods. _ The Gerber method* was used as a reference for separated milk, low-fat milk, chocolate- _ 
flavoured milk buttermilk and and the -method* used for 
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to determine the fat content of andes milk, low-fat milk, chocolate- flavoured milk, , buttermilk, 
fat-free yoghourt and cottage | cheese with an accuracy equal to that of the Gerber method. oe < 
possesses certain advantages over acid in that it does not attack the skin or clothing and is non- — i 


corrosive to metals and glassware; it causes no charring or discoloration when used with sweetened = 


hey 


o 


= 


© 


o 7 


products. The solution is neutral and does not hydrolyse the fat on prolonged contact. i 


FREQUENCY DISTRIBUTION OF DIFFERENCES BETWEEN RESULTS BY PROPOSE! 


Separated milk . to 0- 22 


 @ 


Oto +002 


q Chocolate-flavoured milk to 1- 24 


08to 10 


+0-03 to +0-04 


hay 
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ASSAY OF L-PHENYLALANINE IN CASEIN HYDROLYSATES 


VA ARIOUS methods, chemical, enzymatic and microbiological, exist for determining phenylalanine. 


“eae - With the production of special phenylalanine-low casein hydrolysates for the treatment of phenyl- 


P = tonuria, the need for a rapid and sensitive method of assay has led to an examination of the 
available procedures. We have compared results by— = 
ahs: (i) the e decarboxylase n method,! in which L- -phenylalanine is assayed as phenylethy lamine 
a modification of Brodie and Udenfriend’s methyl orange procedure?; 


Ss < vam _ (i) nitration by the Kapeller - Adler - Kuhn method and then hydroxamic acid formation’; 


Ba ccs, a microbiological plate assay with a mutant of Escherichia coli and the special media | 
described by Dickinson* and Jones and 

Horn, Jones and Blum’s tube-dilution 2 assay, in which Leuconosto 


x, 
Hydrolysates were prepared by heating casein under for. 24 with 6 
. <4 acid and were then treated with charcoal to give different phenylalanine contents. In the micro-— 
= ~“% biological determinations, the plate method was first used, and the assay ranges for the ‘tube- 


method were chosen according to the results of the plate test. For the other methods, the 


a. 4 approximate phenylalanine | contents were determined by paper chromatography ina n-butyl 


alcohol - ethanol - water mixture. 7 No indication was given to the analysts of the probable ~ 
— levels of phenylalanine | in the samples, which were submitted in random order of concentrations. | 
~ Casein hydrolysates containing from 0-02 to 10 per cent. of L- phenylalanine were examined. The 
sensitive decarboxylase method was able to detect 2 yg of the amino acid, but, when possible, 

_ the amount of sample taken was ee to contain between 10 and 50 #8 of Pease. 20 


sates containing less than 1 per cent. of phenylalanine. _ The levels used in the plate assay were 
similar to those in the decarboxylase method. The method was” able to ) detect 


Casein plus known amounts of pi-phenylalanine— 4 


Processed casein hydrolysates— 


‘9 
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amounts of >; samples Nos. 8 to 19) were casein n hydrolysates that had been. processe 
so as to have different phenylalanine bat: 


“3 faecalis at frequent intervals, which is time-consuming. This method, however, is simple, rapid 
| and sensitive. In comparison, the Kapeller - Adler - Kuhn method is insensitive, although it is 
&: reliable for normal casein hydrolysates. The tube-dilution assay is expensive and laborious. 
ry The plate method has the advantages of rapidity and simplicity, and our results show that anand 
dia the modified medium‘ is used it provides a reliable assay for casein 
= of the special phenylalanine-low caseins now in use for phenylketonuria). — 
aes vi We acknowledge the gift of a culture of Ss. faecalis fr from Dr. L. IV Woolf, Great Ormond Street — 
5 Hospital for Sick Children, London, ; and the competent technical assistance of D. Smith. We 
_ —{ thank the Directors of Beecham Research Laboratories Ltd. and Beecham Maclean Ltd. for 
the Udenfriend, S., and Cooper, J. R., J. Biol. Chem., , 1953, 203, 953. pis! te 
ityl Brodie, B. B., ‘and Udenfriend, S., Ibid., 1945, 158, Atiew sitiw 
ble - Block, R. J., and Bolling, D., “The Amino Acid Composition of Proteins and Foods: Analytical © 
Methods and Results,” Second Edition, C. C. Thomas, Illinois, 1951, p. 139. 
e 
‘Hardy, T. L., Holla d, D. O., and Nayler, J. H. C., Anal. 1955, 27, 


LucozapE ANNEXE, GREAT West RoaD 

DETERMINATION OF CYANIDE IN EFFLUENTS 
THE method recommended by the Joint Committee of the Association of British Chemical Manu- — 
| facturers and the Society for Analytical Chemistry for determining small amounts of cyanide in _ 
trade effluents! is based on the method developed by Aldridge. In this method, cyanide and 
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J | thiocyanate ‘are determined together and thiocyanate is then determined in a separate portion — — te ed 
a — fof the acidified and aerated sample; the cyanide content is obtained by difference. If an effluent _ 

4 contained a relatively large amount of thiocyanate, e.g., 20 p.p.m., and only a small but significant Lo 
__ § amount of cyanide, ¢.g., 1 p.p.m., any error in either determination would affect the cyanide result. 

Pe Such an error, although of little significance on the thiocyanate content, especially as this is not | 


| a toxic substance, could greatly affect the result of the cyanide determination. Because of this, 
s and also because Aldridge’s method cannot readily be applied to coloured effluents, we attempted © 
| to determine cyanide directly in presence of thiocyanate, ferrocyanide and ferricyanide. = 
_ Conditions have been established whereby cyanide can be distilled from a solution also con- _ o 
taining thiocyanate, ferrocyanide and ferricyanide, the last two compounds being fixed . ; 
zinc acetate. The results show that up to 3 p.p.m. of CN, present as cyanide, can be accurately _ to 
determined in presence of up to 25 p.p.m. of CN, present as thiocyanate, and up to 5 p.p.m. of CN, 4 it - 
present as ferrocyanide or ferricyanide, in aqueous solutions containing all these substances and hip a: 
also in presence of sodium and calcium chlorides. The proposed method is accurate to within : ; 
§ +0-05 p.p.m. of CN at the maximum concentrations of these substances and to within 40-01 p.p.m. 
p of CN at lower concentrations. _ A wide range of contents of the various cyanides has been covered 
_ Colour is developed in a much "ee volume of solution than that used by Aldridge; — ' 
permits absorptiometric or spectrophotometric measurements to be made in 4-cm cells and thus 
increases the method.” The finish—a modification to s 


ty 


ii 
yl- | p to L ratio exceeded 4 to 1, whereas both isomers were determined by the nitration method. 4 peel a 
| 
— 
cy 
2 
x 
% 
— 
— 
4 
— 
Ar, 
a 
a q 
— 
= 
| 
| 
| 
ga 
| 
| 


52 


nes: =: Imperial Chemical Industries a Billingham), _ who used it to determine cyanide in aqueous " Fo 
so 
| with 0: 
“Proce 
Me 
sing 
Methyl red indicator solution, 0-04 per cent. w 15: 

sti toon Zine acetate solution, 10 per cent. w/v—Dissolve 50 g of zinc acetate, Zn(C,H,O,),.2H,O, in i a 

400 ml of distilled water, filter, and dilute to 500ml 

ss Arsenious acid solution—Heat 2g of-arsenious oxide and 100 ml of distilled water under} i. 

iP ae. Pyridine - benzidine hydrochloride solution—Carefully add 50 ml of hydrochloric acid, sp.gr. he 
Pee, ‘1:18, with stirring, to 350 ml of redistilled pyridine, and allow to cool. Heat 3-7 g of benzidine " 4 
eg with 50 ml of N hydrochloric acid in a fume cupboard until solution is complete, cool, and dilute re 
2 to 100 ml with distilled water. Just before use, prepare the required amount of reagent by} __ 


‘mixing 8 volumes of the pyridine solution with 2 : volumes of the freshly filtered benzidine solution. 


Standard cyanide  solution—Determine. the purity of a sample of potassium cyanide by titration 


against 0-1 N silver nitrate, and then prepare a stock solution 100 of CN per ml. 
Dilute a portion of this contains 1-0 ug of CN ml. 
Measure 2 20 0 ml c of the into a 250-ml flask, dilute to 90n ml with 2 
7A x, distilled water. Add 2 drops of methyl red indicator soiution, neutralise with 0-1 N hydrochloric %. ‘ 
oy es acid, and then add 10 ml of 0-1 N hydrochloric acid from a burette; mix the solution gently during FB 
oA "the addition. Add 10 ml of zinc acetate solution, place a small boiling-rod in the flask, and attach 
: ~ an all-glass water-cooled condenser. (The condenser should be at a slight angle from the hori-B 
| ae zontal and have a delivery end about 9 inches long; the end attached to the flask should be about = 
“/- _ 5 inches long and } inch in diameter. ) Set aside for 5 minutes. In each of three 50-ml stoppered eal 
graduated cylinders place 5 ml of 0-1 N sodium hy jdroxide. Distil the cyanide by gently boiling as 
the solution in the distillation flask over a small flame, and collect the hydrogen cyanidem § 
te 3 - tlie contents of one of the 50-ml cylinders. (Ensure that the delivery end of the condenser dips Ina 
— beneath the surface of the sodium hydroxide solution.) Collect about 25 ml of distillate, replace 
a the cylinder with a second cylinder, and continue distillation until a further 25 ml of distillate } 


have been collected. Replace this cylinder with the third cylinder, and collect a further 25 ml 
Seam Determine the cyanide in the contents of each cylinder as described below. ib ek 
Adjust the temperature of the solution to between 18° and 20° C, add 1 drop of methyl red 
i indicator solution, neutralise with N hydrochloric acid, and add 1 drop of acid in excess. Add 
; ‘a ml of bromine water, mix, and set aside for 5 minutes. Remove the excess of bromine by adding 
1 ml of arsenious acid solution, mix by inverting the stoppered cylinder, and again set aside 


ey 


— 


ae indicator-drum readings for the reagent-blank value, and, from the net reading for each solution, 
aie Es, obtain the total amount of cyanide, as micrograms of CN, from a previously prepared calibration 
graph. Calculate the cyanide content of the sample from the expression— 


_ Add 10 ml of pyridine - benzidine hydrochloride solution, dilute to the 60-ml mark with 
= _ distilled water, and mix thoroughly. | Set aside in the dark for 20 minutes to attain full colour et 
ng _ Measure the optical density of each solution against distilled water with a Spekker absorptio- | ig . 

- 7 = 7 Use either a l- or a 4-cm cell, according to the depth of colour of the first portion of +r 
distillate, and Ilford No. 604 (green) filters in conjunction with H503 heat filters. Correct the f 
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- Geach solution to 30 ml with distilled water, add 1 drop of methyl red indicator solution, neutralise — 
ig with O-1 .N hydrochloric acid, and add 5 drops of acid in excess. . Continue as described under 
“Procedure,” beginning at “Add 1 ml of bromine water. 
a ‘Measure the optical density of each solution in a 4-cm cell, deduct the blank value from each 


amounts of cyanide up to 4 pg—tIn a series of 50-ml cylin ers place 
a of standard cyanide solution representing 0-0, 1-0, 2-0, 3-0 and 4-0 yg of cyanide. — Dilute mh 


Ef reading, and plot the net indicator-drum readings against the amounts of cyanide present. _ oe es ae 


_ For amounts of cyanide from 4 to 15 pg—In a series of 50-ml stoppered graduated cylinders — ne. 


: ) | place amounts of standard cyanide solution representing 0-0, 4-0, 5-0, 6-0, 7-5, 10-0, 125 and 


nines 


0- 

5- 

1- 

5 

10- 


n of 
the 
ion, 


(£150 +8 of cyanide, and continns as described above. Measure the optical densities in 1-cm cells. 


ins 
d 
found, 2 


presence of 1 g each of sodium and calcium chlovides— 


RECOVERY OF ADDED CYANIDE FROM QUEOUS SOLUTIONS ly 


KCNS K,Fe(CN), -K,Fe(CN), in first insecond inthird 
s added, added, added, added 2mlof 25mlof cyanide 
as CN, as CN, as CN, as CN, distillate, : are found, 


0 
0 


Cc ted 


for blank value. 


thiocyanate, ferrocyanide and in “presence ‘and absence of sodium —_ 
calcium chlorides, were analysed by the proposed procedure; the recoveries of added cyanide 
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s ea in a dark-coloured bottle. - Known amounts of potassium cyanide were added to 


20-ml portions of the filtrate, _ which were then en analysed | d by the Proposed ' procedure; the results ¥ 


Cen 


_ Joint Committee of the Association of British Chemical Manufacturers and The Society for 


Chemistry, ‘‘Recommended the Analysis of Trade Effluents,” W. Heffer 

2. Aldridge, W. N., Analyst, 1944, 69, 262; 1945, 70, 474. » 

RESEARCH DEPARTMENT, ALKALI Division T. =: 


PROPOSED INTERNATIONAL CHEMICAL Notation. by the Commission on Codification, 
hea perl and Punched Card pene of the International Union of Pure and Applied 


3 ante autumn of 1946, and this was published next year and reviewed in The Analyst, 1947, 72, 17 " 

_ The system was based on the principle of breaking down the structure to individual rings, , chains, 
_ functional groups, etc., and citing these in a fixed order by conventional symbols. At that time 

_ it proved possible to detail the system on two pages of The Analyst (1947, 72, 155) . Another 

E: system was published by F. L. Taylor in the U.S. A. in 1948, and the two systems were later recon- 
e: ciled. Others have since appeared, some of similar approach to the first two, others s quite different. 
All of these have been reviewed by the Commission of the International Union, which started 

_ work early in 1947 and early laid down a comprehensive set of desiderata for internationally accept- 
able cipher notation. In Paris in 1957 the Commission finally accepted a draft based on the 
_Dysonian Notation, and this volume is the official exposition of the accepted system. It is no 
“longer possible to abstract it, as before, in two pages of The Analyst; indeed, it is doubtful if it 

_ could now be compressed into much less than the 144 pages it occupies in this book. But the 
_ has emerged most successfully from the developments of the last decade, absorbing criti- 
_cisms and suggestions on the way, and it now stands as the future basis of indexes and mechanical 
and electronic techniques for the delineation of exact organic chemical structure; it is a truly 


international means for stating such structures inde ndently of national language. ~~ 


A LABORATORY MANUAL OF Curmica P PaTHoLocy. Professor T. G. PRUNTY, ‘Dr. 


; This i is a practical manual evthclning detailed accounts of the methods used in the Chemical 


Pathology Department of St. Thomas’s Hospital Medical School No attempt has been made 
review all the > techniques available for the estimation of the v vari s 


— of rez 
— 
— 
ey ide found, recovered, cyanide found, wo «of foc 
— 
ham 
resul 
— toa 
as cl 
— 
— one 
| rout 
HE 
and Toronto: Longmans. Green & Co. Ltd. 1958 Price 
witl 
— 
and 
the 
the 
< ma 
— 
— 
th 
— 
iy 


a refreshingly concise volume of useful areata ‘information. _ Methods for the measurement of F 
seventy-three body constituents are given, and the account of each determination includes details Je a 
of reagent preparation, analytical technique and calculation. Although the book is 
comprehensive to include methods for blood ammonia, magnesium and hexosamines, it is sur- rs 
prising to find no mention of serum transaminase determinations and of other recently developed — 0 3 
methods for blood enzymes. — _ The inclusion of the glucose oxidase technique for blood glucose a 
is very commendable, but I would prefer 1 more convenient methods for salicylates, phosphatases: ae 


and faecal fat. _ A most useful section is that dealing with the > collection, homogenising and analysis — ™ 
of food, faeces and urine in various metabolic balances. The choice of methods is lucidly discussed ee 
in the introductory chapter, and the use of standard solutions and of the quality-control system — 
in reducing laboratory errors is rightly emphasised. The authors must be congratulated for com- 


piling such a sensible collection of methods; the book should be found in a ae of 


“rae 
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clinical chemistry. M. J. H. Smitu 


RIVER POLLUTION: 1. CHEMICAL Anatysis. By Louis KueErn, M. Sc., Ph. D., F. R.1.C., M.Inst. s. P. 
Pp. x + 206. London: Butterworths Scientific Publications. 1959. Price 30s. 


»<@ In this book Dr. Klein has collected tc together and extended chapters. 9 and 10 of his larger _ 
work, “Aspects of River Pollution,”” which was reviewed in The Analyst, 1957, 82, 715. The a 
result is not a textbook on water analysia, but a review that includes well documented references — 
to almost every important method in this specialised field. Tt differs from its parent chapters, 
as children will, largely in the modernity of its information. 
Under the pressure in most laboratories where large numbers of of 


book that will minimise the labour of this exercise. SHERRATT 
see SEQUESTRATION oF METALS: THEORETICAL CONSIDERATIONS | AND PRACTICAL APPLICATIONS. 
| Roserr L. Smits, B.Sc., Ph.D., F.R.LC. Pp. viii + 266. London: Chapman and 

The tactful curate is 5 said to at eulogised his bad e egg in the famous phrase “‘Parts of it are 
excellent.” ' The same may be said of the present book, for the later chapters describing the applica- ; 


tions of sequestering agents in industry, in analytical chemistry and in applied biology are packed — Pe 
with information and a great many useful references to original literature. = ae oe > d 


_ For the rest, one can be but amazed that so many errors have found ‘their | way into print. 
Typographical errors abound and there are over 60 in the first 100 pages. ‘Unfortunately, these 
are most frequent where they are least excusable, i.e., in proper names, in formulae and in 
equations. Sometimes plus and minus signs (for addition or subtraction) are omitted (pp. 35 a 
and 66), ‘elsewhere they are used where superscripts or subscripts are intended (see p. . 67, where 
there are seven er errors in 2 lines). ‘This may be expiained, but not excused, by hasty proof- reading. — zh 

But there is no such justification for the misuse or abuse of technical terms such as appears in ie. Ms ; 
the following extracts—" ‘ethylene diamine and its polymeric forms”; ‘‘unfavourable positions... 
make piperidine a poor chelating agent’’; the substitution is methylamine”; “The polyamines 


with a rigidity of structure and possibly assisted by resonance factors such as . . and also for that i 


” 


Matter 1,2-diaminocyclohexane....” (my italics), 
4, the author appears to have seriously underestimated the background knowledge of the 
“chemist of graduate, A.R.I.C. or similar status” to whom this book is addressed. In “writing ee 
down” ‘ to their supposed level, the author has often produced unsatisfactory accounts of physical ‘a 
Processes involving solvation, chelation, entropy and mesomerism. The over-simplification has 
~ sometimes led to arrant absurdity, as when we are told that 1 in the ionisation of a dicarboxylic _ 
acid (p. 12) ‘ _. . neither group entirely parts with a proton. - Instead they both lose a porti * 
ea ‘a A book | on the sequestration of metals was badly needed. x. The present volume does not mee 
the need adequately and its circulation can the of the author or o 
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